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INTRODUCTION 


Investigation of the nutritive value of livestock feeds is a study of 
perennial importance. The studies herein reported were made to 
determine the nutritive value of sweetclover-oat straw silage, sweet- 
clover silage, sunflower silage, corn silage, first and second cuttings, 
of sweetclover hay, sweetclover stems, and wild oats (Avena fatua L.). 
In certain cases the feeds mentioned were supplemented. ‘The corn 
silage also served as a standard of comparision in comparative feeding 
trials with groups of steers. All of the tests on sweetclover were on 
the common white variety (Melilotus alba Desr.). 

The first digestion trials were made with sheep in the winter and 
spring of 1923. During the fall and winter seasons of 1923-24 and 
1924-25 additional trials were made in which steers were used as 
experimental animals. The trials with steers included determination 
of the metabolizable energy in addition to digestibility of the feeds. 








EXPERIMENTAL ANIMALS 


Six western grade wethers were secured on the open market for the 
digestion trials with sheep. They were barn-fed and handled to 


tame them. 

In the cattle-feeding trials of 1923 and 1924, four good long-yearling 
steers of Shorthorn-Hereford breeding were used. They were about 
20 months old at the beginning and about 24 months at the end of the 
tests. They had been used the previous year in a study of the protein 
requirements of growing cattle and were therefore accustomed to the 
routine of metabolism trials. 

In 1924-25 good steer calves in which Hereford breeding predomi- 
nated were used. They were about 9 months old when the first test 
started and about 12 months at the close. 

For purposes of identification the letters A to F, inclusive, were used 
for the sheep; A—22 to D-—22 for the steers used in 1923-24, and A-24 
to D-24 for the steers used in 1924-25. 


EQUIPMENT AND COLLECTION OF EXCRETA 


For the sheep a set of six individual hog-feeding crates were remod- 
elled by equipping them with suitable mangers and 5-pound butter jars 
for water receptacles. The crates were large enough to permit con- 
siderable freedom in getting up and down but did not allow space for 
turning about. 

P ! Received for publication August 6, 1937; issued October 1938. 
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Bags for collecting the feces were made from ordinary duck, lined 
with a high grade of hospital-rubber sheeting. The bags were held in 
place with a light harness. 

The feces were collected from the bags morning and evening and the 
total for the 24-hour period taken to the chemical laboratory where 
composite samples for the period were prepared and analyzed. 

The feces and urine from the steers were collected by means of 
rubber ducts and rubber funnels of types long used at the Institute of 
Animal Nutrition of the Pennsylvania State College. The visible 
excreta were weighed daily and samples taken to the chemical labor- 
atory for analysis. 


WEIGHING AND SAMPLING OF FEEDS AND EXCRETA 


The sheep rations for the entire day were weighed up in the morning 
and approximately one-half was fed in the morning and the remainder 
in the evening. It was soon found that individual sheep differed 
greatly in their likes and dislikes for the silages and hays and also in 
their capacities for feed consumption. Attempts to feed uniform 
rations to the sheep on a given feed proved futile, consequently an 
attempt was made to adjust the rations as nearly as possible to the 
appetite of the individual sheep. This attempt was only partially 
successful, as is evidenced by the rations offered and the feed residues 
collected. 

In the trials with steers the dry hays and concentrates were weighed 
up in advance for the entire trial and samples were taken at that 
time. The hays were weighed into canvas bags and the concentrates 
into covered lard cans. When the silages were fed, enough was 
weighed out for each day and approximately one-half was fed in the 
morning and the other half in the evening. Samples of the silage 
were taken daily as the rations were weighed out. All samples 
were immediately taken to the chemical laboratory for composite 
sampling and analysis. 

In the sheep trials the feeds and feces were weighed to the nearest 
gram, but in the trials with steers scales with beams graduated in 
tenths and hundredths of a pound were used and feeds and excreta 
were weighed to hundredths of a pound. 


METHODS OF CHEMICAL ANALYSIS 


The chemical analyses of the feeds, feed residues, and feces for 
moisture, ash, crude protein (total nitrogen 6.25), true protein 
(albuminoid nitrogen 6.25), ether extract, and crude fiber, and 
analyses of the urines for total nitrogen were made by the official 
methods of the Association of Official Agricultural Chemists. The 
total fecal excrement from the sheep trials were air-dried in a bulk- 
sample drier (5)* and sampled for analysis after grinding. The 
fresh urine and fecal samples from the steer trials were preserved 
with toluene and refrigeration. The fresh steer urine and fecal 
samples were analyzed daily for nitrogen, and the composites for 
moisture and nitrogen. The fresh composite fecal samples were 
dried in the bulk-sample drier for further analysis. 


* Reference is made by number (italic) to Literature Cited, p. 512. 
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The energy values were determined with a Parr adiabatic oxygen- 
bomb calorimeter observing all of the necessary corrections. Before 
combustion the urines were dried over sulphuric acid in vacuum 
desiccators, and the calorific values corrected for nitrogen lost on 
drying. 

METABOLISM TRIALS 


The metabolism trials included determinations of digestibility of 
the rations, and in the experiments with the steers included also 
nitrogen balances and energy determinations on feeds and visible 
excreta. The trials were 10 days in length except in some of those 
of 1924-25 where they were 18 days long with 9-day subperiods 
(a and b). The preliminary and transitional periods varied in length, 
but in no case was the preliminary period on the test ration less 
than 7 days and usually it was 10 days or more. In spite of care in 
adjusting the test ration to the appetites of the test animals, con- 
siderable feed was left uneaten in some of the trials. 

To facilitate the general account of the experiments, a schedule 
including dates of the preliminary and transitional feeding periods, 
dates of the metabolism periods, the trial numbers, the kind of 
animals used and their identification letters or numbers, and the 
kind of rations fed is given in table 1. 
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DESCRIPTION OF FEEDS 


The same general method was used each year in preparing the 
silage. The crops were chopped with the usual equipment and 
thoroughly packed in 25-ton concrete stave silos. About every other 
day for a week or 10 days after filling, water was sprinkled over the 
silage, and the material thoroughly packed at the top by tamping. 
The sweetclover was cut with a binder, leaving a stubble 8 to 10 inches 
high. 

One year the inside of the silos was coated with paraffin in an 
experiment to determine whether or not this treatment would make 
it easier to remove the frozen silage from the walls. There was no 
apparent advantage from this treatment. Paraffin was also used for 
sealing the doors and the top of the silo. Sealing the doors with 
paraffin proved helpful in preventing spoilage around the doors of the 
experimental silos and it has been used regularly in later years. For 
sealing the silage at the top the paraffin proved unsatisfactory. 
Cracks formed in the paraffin as the silage settled and about the usual 
amount of spoilage occurred. 


SWEETCLOVER-OAT STRAW SILAGE (BUD STAGE) 


The sweetclover for the sweetclover-oat straw silage fed in trial 1 
was cut in the bud stage, when the plants were about 36 inches high. 
The freshly cut material as ensiled contained 17.6 percent of dry 
matter. The water content was reduced by adding, as the sweetclover 
was chopped, 1 part of dry oat (Avena sativa L.) straw to 5.5 parts of 
sweetclover. Considerable difficulty was experienced in obtaining a 
uniform mixture of the wet sweetclover and the dry oat straw, result- 
ing in some moldy spots found occasionally throughout the silo. 
These moldy portions were discarded so far as possible in feeding. 


SWEETCLOVER SILAGE (BUD STAGE) 


The silage made from sweetclover cut in the bud stage of growth 
was fed in trial 2. The moisture content was reduced by wilting and 
the material as ensiled contained 34.8 percent of dry matter. Un- 
favorable weather conditions delayed ensiling 14 days after cutting. 
The bundles were shocked and the sweetclover was in good condition 
in spite of the adverse weather conditions. 


SWEETCLOVER SILAGE (EARLY BLOOM STAGE) 


The sweetclover silage of 1923, fed in trials 8 and 9, was made from 
sweetclover cut when the plants were 5 to 10 percent in blossom. 
The sweetclover was allowed to wilt in the field and when ensiled the 
material contained 33.9 percent of dry matter. 

The sweetclover for the 1924 early bloom stage of growth silage, 
which was fed in trials 19 and 20, was allowed to wilt in the field until 
the leaves on the outer portion of the bundles were either dried or very 
much wilted and the stems considerably shrunken. Rain delayed 
ensiling. The first portion ensiled contained 22.1 percent and the 
second 26.5 percent of dry matter. The resulting silage was well- 
preserved, having an olive-green color and a strong sweetclover odor. 
In appearance and palatability it was better than the other sweetclover 
silages. 
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SWEETCLOVER SILAGE (FULL BLOOM STAGE) 


The sweetclover for the silage of 1924, which was fed in trials 10 
and 11, was cut in full bloom and allowed to wilt in the field. When 
ensiled, it contained 42.8 percent of dry matter. 


SUNFLOWER SILAGE 


The Mammoth Russian sunflowers (Helianthus annuvus L.) for the 
silage made in 1922 and fed in trial 3 were cut when a count showed 
85 percent of the plants were in blossom, 3 percent had dropped their 
petals, and 12 percent were in bud. The material as ensiled contained 
21.4 percent of dry matter. 

The Mammoth Russian sunflowers for the silage made in 1923 and 
fed in trials 12 and 13 were cut immediately after a killing frost when 
75 percent of the plants had reached or passed the blossom stage of 
growth. Rain delayed ensiling until the third and sixth days after 
cutting. The leaves were all well-dried or rusted when the plants 
were cut, and moldy spots were noted on some of the coarse, woody 
stalks at the time of ensiling. The material when ensiled contained 
31.8 percent of dry matter. 

CORN SILAGE 


The Mercer flint corn (Zea mays L.) for the silage made in 1922 and 
fed in trial 4 was cut in the late milk to early dough stage of growth. 
The plants were from 7 to 9 feet high and were ensiled without much 
wilting. The ears represented 40 percent and the stover 60 percent 
of the dry matter in the fodder. As ensiled the fodder contained 24.7 
percent of dry matter. 

The Mercer flint corn for the silage made in 1923 and fed in trials 
14 and 15 was cut in the glazed stage of growth and as ensiled con- 
tained 38.1 percent of dry matter. 


SWEETCLOVER HAY AND STEMS 


The sweetclover hays from the first cutting (trial 5) and from the 
second cutting (trial 6) were cut in the early blossom stage of growth. 
The hays were ground in a hammer mill, through a hay screen, re- 
ducing the leaves largely to a powder and the stems to particles one- 
half inch or less in length. The hays were both good, but a little 
coarse-stemmed. 

The sweetclover stems were those left after sheep had eaten prac- 
tically all of the leaves and fine stems from hay cut in the early 
blossom stage of growth. The stems were ground in the hammer 
mill and fed to two sheep in a digestion trial (7), but only one sheep 


ate enough to complete the trial period, even when supplemented 
with corn. 
ALFALFA HAY 


The alfalfa hay for the 1923-24 trials (9, 11, 12, 14, 16, and 17) was 
of fairly good quality but was rather coarse-stemmed with a fair 
amount of leaves but somewhat lacking in color. 

The alfalfa (Medicago sativa L.) for the 1924-25 trials (18, 19, 21, 
and 22) was somewhat better, being leafier, finer-stemmed and having 
a better color. 
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CONCENTRATES 
















The linseed meal was the standard old-process product. 

The barley (Zordeum vulgare L.) (trial 19) and corn meal (trial 7) 
were of good feed grade. 

The wild oats* (fed in trial 21), which are removed in cleaning 
wheat for milling and commonly ground and sold as “mill oats,” 
were found on analysis ® to consist of 84.4 percent of wild oats, mostly 
dark color, 9.2 percent of cultivated oats, 4.9 percent of wheat 
(Triticum aestivum L.), 1.5 percent of barley, and a trace of rye 
(Secale cereale L.). They had a test weight of 37.5 pounds per bushel 
and a separation showed 65 percent of kernel and 35 percent of hulls 
by weight. 


COMPOSITION OF CROPS AND FEEDS 


The chemical composition of each of the green silage crops and the 
resulting silages, and of the alfalfa hay, sweetclover hay, sweetclover 
stems, and concentrates is given in table 2. The trial in which the 
feeds were fed is indicated by the trial number. 


‘ The wild oats were from the same lot as those fed by Griswold ((4), p. 12). 
Analysis by P. J. Olson, assistant agronomist, North Dakota Agricultural Experiment Station, 
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It is not possible to make close comparisons between the compositio:: 
of the crop as it was ensiled and the resulting silage because the samples 
of the crops were taken to represent the materia] as it was put into the 
silo, either as a whole or as definite portions of the whole. The samples 
taken for the digestion trials represent only the silage fed during the 
trials, and, consequently, they represent a rather limited portion of 
the whole. An inspection of the data, however, shows some out- 
standing differences. 

The dry-matter content of the crops as compared to the silages 
varied considerably in some years and very little in others. These 
variations probably resulted chiefly from differences in the quantities 
of water added at the top of the silos in packing the material and from 
leakages at the bottom. A comparison of the composition of the dry 
matter indicates that, in general, the ash was lower in the crop than 
in the silage. Similarly, the protein was usually lower in the crop than 
in the silage, excepting the sunflowers of 1923 where the protein was 
1.42 percent higher in the crop than in the silage. With the exception 
mentioned, the protein ranged from 0.19 to 1.80 percent lower in the 
crop than in the silage. The crude fiber in the sweetclover of 1923 
was 1.54 to 2.85 percent higher in the crop than in the silage, but in all 
of the other silages the crude fiber ranged from 0.21 to 6.11 percent 
lower in the crop than in the silage. The nitrogen-free extract ranged 
from 1.87 to 8.26 percent higher in the crop than in the silage, except 
in the early cutting of sweetclover, 1923, which showed 0.74 percent 
less in the crop. The ether extract in the silage ranged from 0.54 to 
1.32 percent higher than the crop, except in the sunflower silage, 1923, 
and the corn silage, 1923, where it was 0.13 and 0.21 percent lower, 
respectively. 

A comparison of the average composition of seven samples of sweet- 
clover silage with the average of two samples of corn silage shows that 
the sweetclover silages contained 2.43 percent more ash, 11.93 percent 
more crude protein, 9.58 percent more crude fiber and 0.63 percent 
more ether extract, but 24.59 percent less of nitrogen-free extract. 

A similar comparison of the average of two sunflower silages with 
the two corn silages shows that the sunflower silage contained nearly 
the same amounts of protein and nonprotein nitrogen and ether extract 
as the corn silage, but it contained 5.00 percent more ash and 12.68 
percent more crude fiber and 17.34 percent less of nitrogen-free extract. 
The sunflower silages averaged 3.1 percent higher in crude fiber than 
the sweetclover silages. 


PROTEIN NITROGEN IN PERCENT OF TOTAL NITROGEN IN CROPS AND IN SILAGES 


Determinations of protein and nonprotein nitrogen made on a num- 
ber of the crops and silages show that considerable amounts of protein 
were broken down into the nonprotein form. The extent of these 
changes is shown in table 3. In this table the protein nitrogen is 
given in percentage of the total. The protein nitrogen in the crops 
ranged from 57.02 to 86.19 percent of the total nitrogen. In the silages 
the protein nitrogen ranged from 34.50 to 60.75 percent. The changes 
from protein to nonprotein nitrogen ranged from 13.97 percent in the 
sunflowers to 32.31 percent in the early bloom sweetclover of 1923. 
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TaBLE 3.—Protein nitrogen as percentage of total nitrogen in crops and in silages 


Crop Silage 


Kind of crop | -| Difference 
Percent Trial No. Percent | 
] 


} Percent 
Sweetclover, early bloom ical | 23 34. 50 | 32.31 
Sweetclover, full bloom ‘ 2-2 39. { 21. 66 
Sweetclover, early bloom 4 1 57. 02 ‘ | 2 37. 19. 61 
Sunflower... = ‘ - 174. 7: 3-23 | 00. 75 13. 97 
Corn fodder, green — | j 2 59. 2 26. 91 


Average of 2 analyses. 
Average of 4 analyses. 


DIGESTIBILITY OF THE SILAGES 


The rations fed, feed residues and feces collected, and the detailed 
data on the digestibility of the nutrients in the silages are given in 
table 4. Data showing the composition of the feed residues and feces 
in the trials are omitted. Their composition, if desired, can readily 
be computed from the tables on digestibility. The data on the digesti- 
bility of other feeds and rations are given in succeeding tables. The 
digestion coefficients determined in the trials are summarized in table 
7 and a discussion of the results appears in connection with it. 
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DIGESTIBILITY OF ALFALFA HAY, SWEETCLOVER HAY, AND 
SWEETCLOVER STEMS 


Alfalfa hay was fed alone in some trials to furnish data for comparing 
trials the alfalfa formed a part of the mixed rations. The trials with 
sheep included some tests on sweetclover hay for comparison with 
alfalfa and with sweetclover silage. The detailed data on these trials 
are given in table 4 but the discussion of the data appears later in 
connection with the summary table 7. 


DIGESTIBILITY OF MIXED RATIONS 


In the metabolism trials of 1923-24 the silages were fed alone in 
its digestibility with sweetclover hay and sweetclover silage. In otner 
certain trials and in combination with alfalfa hay and linseed meal in 
other trials. A ratio of 2 pounds of linseed meal to 5 pounds of alfalfa 
was maintained in all the trials where silages were fed. It was 
intended that the same ratio would be maintained in a trial with linseed 
meal and alfalfa alone, but this combination proved too laxative to 
feed in amounts sufficient for maintenance. The ratio was therefore 
changed to 2 pounds of linseed meal and 7 pounds of alfalfa. Two 
pounds of linseed meal per head furnished a surplus of protein in the 
rations containing the sweetclover silages, but it was fed to insure 
adequate protein in the rations containing corn silage. 

In the trials of 1924-25, sweetclover silage was fed alone and with 
2 pounds of alfalfa hay and 4 pounds of a concentrate mixture, consist- 
ing of 3 parts of ground barley and 1 part of linseed meal. The latter 
ration was similar to a ration fed in some other experiments. 

pe detailed data on the digestibility of the mixed rations are given 
in table 5. 
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COEFFICIENTS OF DIGESTIBILITY, INDIRECTLY COMPUTED 


Since the ratio of alfalfa hay to linseed meal was constant in the 
different trials of 1923-24, excepting trial 17, it was possible to compute 
the digestibility of some of the components of the mixed rations. By 
applying the coefficients of digestibility of the sweetclover silages 
obtained with steers A~22 and B-22 in trials 8 and 10 to the data of 
steers C-22 and D-22 in trials 9 and 11, it was possible to compute 
the digestibility of linseed meal and alfalfa hay when combined in 
the ratio of 2 to 5, respectively. The coefficients thus computed were 
applied to the data of steers A~22 and B-—22 in trials 12 and 14 in 
computing, indirectly, the digestibility of the sunflower and corn 
silages. The digestibility of the linseed meal was also computed by 
applying the determined coefficients of digestibility of alfalfa and the 
silages to the respective trials and obtaining the digestibility of the 
linseed meal by difference. 

Similarly, in the trials of 1924-25, the digestibility of the grain 
mixture consisting of 3 parts of barley and 1 part of linseed meal was 
computed and also the digestibility of the wild oats. 

The coefficients thus computed are given in table 6. 


TABLE 6.—Coefficients of digestibility of feed constituents, indirectly computed 


| } 
Dry mate — 
‘ . a | ég 
j matter | matter | tein 


Trial | Animal | 


N Feeds Crude | N-free | Ether 
No | 


fiber | extract | extract 


| 


| 
Percent | Percent | Percent | Percent | Percent | Percent 
f 60.6) 61.7| 746 38.6} 70.5 60. 5 


\ ¢ a5 ¢ £ Ee ae ‘ c 4 | 
jAlfalfa 5 parts and linseed meal 2 parts.) 1 5 | 628] 76.8| 411] 69.8 | 66. 


Rs aietins: httiinctibticneszi ----| 61.1] 623) 75.7 39.9 70. 2 | 


ol 
7 
| 

| 

| 


eee ss aS Me) TES 9! 70.5 
jj Aldalte 5 ports and linseed me al 2 parts. 1 61.6 62.5 77.0 39.1] 69 
| Average 61.8 53. 
22__| Sunflower silage __- 

22..|_. do ‘ 


Average 
| 
Corn silage 
do 


| Average 


Linseed meal. 
do... 


| Average 


| Linseed meal___. * ¥ 3.9 | ~ 84.9 —100. 
2.; 84.4 |—-118.% 


Average... = : ‘ 2.: 84.7 |—109. : 


Linseed meal_._- ‘i i 85.3 |—116 d 
: ’ ~eaeapeatae | 72.6 2.6| 81.3 |—100.2 | 
Average ....-. fon 2. : 83.3 |—108. ¢ | 


Linseed meal_____- de ctoteed , 5 | 3.7 | 78.4 78.7 
CR ei ans 4. .5| 77.6) 34.4 


Average. sia \ \ 78.0 56. 6 





1, 1938 Digestible Nutrients in Livestock Feeds 501 


Taste 6.—Coefficients of digestibility of feed constituents, indirectly computed—Con. 





| 
. | r- | Crude | , » | 
|| Animal Feeds Dry | ° ganic | Crude | N-free | Ether 
pro- | fibe >» tie . 
No. | matter | matter | | tein | fiber extract extract 
sri. + 


| Percent | Percent | Pereent | |Percent | Percent | | Percent 
22... Linseed meal_--....-.-- ine 1 7 t | 85.9 | 5.9 76.8 | 94.3 
ee a ere a ee 80.0 9} 65.1 | 87.7 


| 71.0 | 91.0 


97. 2 
9%. 


Wild oats___._- 


o-80...~2----0 


Average 





Average all trials. — : 
2 Average omitting trial No. 14. 


Reference to table 6 shows that the average coefficients for alfalfa 
hay and linseed meal combined, as computed in trials 9 and 11, agree 
fairly with each other except for ether extract where the difference 
between the averages of the two trials is 10 percent. On the whole, 
these coefficients for alfalfa 5 parts and linseed meal 2 parts are, as 
would be expected, slightly higher but similar to the coefficients 
directly determined in trial 17 for alfalfa 7 parts and linseed meal 
2 parts, table 7. 

The indirectly computed coefficients for sunflower silage, trial 12, 
steers A-22 and B-22, agree within 3 percent of each other except 
for protein where the difference is 9.3 and for ether extract where the 
difference is 5.7. Compared to the single direct determination with 
steer C—22, trial 13, the indirectly computed coefficients are higher by 
5.2 for dry matter, 3.5 for organic matter, 10.9 for crude protein, 5.0 
for crude fiber, 0.8 for nitrogen-free extract and 13.2 for ether extract. 
Steer C-22 ate only enough sunflower silage to furnish 0.4 as much 
digestible crude protein and less than half as much digestible nutrients 
as are needed for maintenance on the basis of the feeding standards 
for maintenance proposed by Brody, Procter, and Ashworth (2). 
Steers A-22 and B-22, trial 12, consumed adequate amounts of pro- 
tein but their rations were a little low in digestible nutrients. The 
low protein consumption by steer C-22 may account in part for the 
low digestibility of the crude protein by this steer. 

The indirectly computed coefficients of digestibility for corn silage, 
steers A-22 and B-22, trial 14, differ by 15.4 for dry matter, 5.0 for 
organic matter, 1.7 for crude protein, 6.5 for crude fiber, 7.2 for nitro- 
gen-free extract and 3.0 for ether extract. The wide difference in the 
coefficients for dry matter may be due in part to unavoidable errors 
in apportioning the alfalfa, linseed meal, and corn silage in the feed 
residues, especially with steer B-22. Except for the dry matter, the 








502 Journal of Agricultural Research Vol. 57, No 


digestion coefficients show about the same degree of variation betwee: 
those computed indirectly, those determined directly, and between 
the averages of the two. 

The computed digestion coefficients for linseed meal are rather un 
satisfactory, particularly the coefficients for crude fiber which wer 
negative by 100 or more in 7 out of 10 trials. If the results of tria! 
14 are omitted, the agreement among the coefficients for dry matter, 
organic matter, crude protein, nitrogen-free extract, and, to a lesser 
degree, for the ether extract, is fairly satisfactory. The relativ ely 
small amounts of linseed meal in the rations and the low fiber content 
of linseed meal tend to make the results somewhat uncertain. With 
trial 14 omitted, the average digestion coefficients for linseed meal 
are 83.2 for crude protein, — 107.4 for crude fiber, 73.1 for nitrogen- 
free extract and 97.8 for ether extract. 


SUMMARY OF DIGESTION COEFFICIENTS 


The average coefficients of digestibility for the different feeds and 
mixed rations are summarized in table 7. 

Reference to table 7 shows that the sweetclover-oat straw silage 
was distinctly lower in digestibility of all nutrients except crude fiber 
than the sweetclover silage from the same crop (1922). Mixing 5.5 
parts of freshly cut sweetclover with 1 part of dry oat straw gave a 
silage mixture in which only 53.6 percent of the dry matter was sweet- 
clover. C ompared to the sweetclover silage the inclusion of the straw 
reduced the coefficients of digestibility of dry matter from 56.9 to 33.9; 
organic matter from 56.6 to 35.1; crude protein from 76.8 to 51.5; 
nitrogen-free extract from 58.0 to 12.8; ether extract from 62.8 to 55.6, 
while the coefficients for the crude fiber remained virtually identical. 

A comparison of the sweetclover silage of 1922, trial 2, with the first 
and second cuttings of sweetclover hay, the same year, trials 5 and 6, 
shows that the coefficients are essentially alike, except for the notably 
lower digestibility of the ether extract in the hays. Similar rela- 
tionships are noted in comparing the digestibility of the sweet clover 
silages and alfalfa hays. 

The coefficients from a single trial on the sweetclover stems are about 
the same for crude fiber and ether cxtract as those for the second cut- 
ting of sweetclover hay cut in early bloom, but are lower for all the 
other nutrients. 

The sweetclover silage, full bloom, trial 10, with its higher fiber 
content, gave slightly higher coefficients of digestibility for dry matter, 
organic ‘matter ; crude protein, and crude fiber, but lower coefficients 
for nitrogen-free extract and ether extract than the silage from the 
sweetclover cut in early bloom, trial 8. The sweetclover silage of 1924, 
trial 20, gave consistently higher coefficients for all nutrients, except 
for crude fiber in trial 10, than the silages of the two preceding years. 
This silage was superior in appearance and palatability to the silages 
fed in the preceding years. The sweetclover silages were not relished 
at first by either the sheep or steers, but after acquiring a taste for 
them they ate them readily. 
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The sunflower silages were unpalatable and both sheep and steers 
refused to eat them when first offered. One steer would not eat them 
at all and the other ate less than a maintenance ration. Compared 
to corn silage the sunflower silage gave notably lower digestion coeffi- 
cients for all nutrients except crude protein. 

The corn silage was palatable and gave distinctly higher coefficients 
than the sweetclover or sunflower silages except for crude protein. 

For comparison the average coefficients for linseed meal from nine 
trials as given by Morrison (8) are included in table 7. Morrison’s 
averages are higher for protein, crude fiber, and nitrogen-free extract, 
but lower for ether extract than were those of the eight linseed-meal 
tests recorded. 

The wild oats fed in these trials were heavier than the usual run, 
weighing 37.5 pounds to the bushel. Compared to Morrison’s (8) 
average coefficients for common or cultivated oats, they are somewhat 
lower except for ether extract. Additional trials are needed before the 
data can be considered representative of wild oats. 


APPARENT AND “TRUE” DIGESTIBILITY OF PROTEIN 


Both the sunflower and corn silages had wide nutritive ratios and 
low apparent digestibility of the protein. Reference to table 8 shows 
that the low digestibility of the crude protein is more apparent than 
real. When correction is made for the metabolic nitrogen by the 
methods of either Mitchell (7) or Titus (9), the “true” digestibility 
does not vary greatly in the different feeds. 


TABLE 8.—Apparent and “‘true’’ digestibility of protein in silages and alfalfa hay, 
crops of 1923 























| Digestibility of protein 
| niin aut —| Nutri- 

Silage ay | Peia) N tive 

Silage or hay rrial No True ratio 

} a, ane 

ent 
Mitchell | Titus! 
Percent | Percent | Percent 
sweetclover silag f 69.7 86.7 85.5 3.4 
Sweetclover silage - - oa aaee ----]} 10 73.3 87.9 88.2 2 5 
Sunflower silage. ......- saket s 18.5 82.0 82.7 11.0 
Corn silage. nese . A ; = 15 50.1 87.7 7.7 41.8 
Alfalfa hay .........- ; ee wincinatioaslag 17 69.4 88.1 89.1 | 3.6 
! Formula 2, 


DIGESTIBLE NUTRIENTS IN FEEDS 


The percentages of dry matter in the feeds and the digestible crude 
protein and total digestible nutrients in the feeds, both as fed and on a 
dry-matter basis, are given in table 9. 
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TABLE 9. 


Feeds 





Sweetclover silage, 
Sweetclover _ silage, 
bloom 


Sweetclover silage, full bloom 


Sweetclover-oat-straw silage 
bud stage _| 
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| Year of 
| experi- 


| 
| 


early | 





Sweetclover _ silage, early 
Ss cnndanie 
Average _ 

Sweetclover hay, first cut- 


ting, ground - 
ting, ground _. 
Average... 


Sweetclover, 
ground. 


CO ea 
Alfalfa hay. ......-- 


Alfalfa hay. -......- 
Average _ ._- 


Sunflower silage _ 
Sunflower silage _ __- 


Average - 


Corn silage -_.-- 
Corn silage - 
Corn silage. -.-...- 


Average 
Linseed meal ! 
Linseed meal 2__ 


Wild oats._.... 
Oats, common ?__. 


2 Morrison (8). 





a 

| 

wn 

Sweetclover hay, second cut- oi 
| 


chiefly 


stems, ] 


ment 


nutrients in feeds 





Trial 
No. 


Experi- 
mental 
animals 


1922-23 
1922-23 





1923-24 
1923-24 | 


| 1924-25 | 


1922-23 


| 1923-24 | 


1924-25 | 
1924-25 | 


1922-23 | 


1923-24 | 


1922-23 


1 Trials 9, 11, 12, and 17. 


| 

; } 

| 1923-24 | 
1923-24 

| 


1923-24 


1 | Sheep-.- 
 , OE SE 
s Steers 
10 do 
20 do.. 
| 
5 | Sheep 
ia sy 
| } 
7 | Sheep 
16 | Steers 
18 } = 
22 |...do... 
3 | Sheep. 
12 | Steers__-_| 
| and } 
13 
oe 
4 | Sheep__- 
15 | Steers_- 
14 porn 
Steers 


| 1924-25 | 


nutrients on the fresh basis. 











The sweetclover silages fed in tria 
the same dry-matter content, digestible protein, and total digestible 
The silage fed in trial 20 contained 8 to 
10 percent less dry matter and somewhat less total digestible nutrients 
than the three preceding silages, but, when compared on a dry-matter 
basis, this silage excelled the others in digestible protein and total 
digestible nutrients. 


is 

















| |: ween 
divid- 

03,1 Dry 
trials | matter 
Num- 

ber | Percent 

2 21.97 
3] 34.78 | 
2) 33.47 
| 2) 32.66 
4| 24.70 
| 11} 30.49 
Da 
wl 1 82. 46 
2 | 82. 58 
| 3 82. 54 
i-¢ | 85. 33 
| 2} 84.59 
4| 84.81 
| 2) 85.34 
= a so 
| 8 | 84.89 
3 | 26.18 
3 26. 05 
| 6| 26.12 
3 24. 35 
2 30. 47 
2 30. 47 
7 | 27.85 
8 | 88. 4 
ice Geen 
2| 88.07 
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-Percentages of dry matter, digestible crude protein, and total digestible 





| In dry matter 


As fed 
| aT oF 
Digest-| Total 
ible | digest- 


crude | ible nu- 
protein | trients 
| 




















Percent Percent | 
1.6 | 7.4 

5.8 18. 6 | 

| 

7 | 4.3 18.6 
5} 51] 181 
1.4 15.0 | 
| 4.9| 17.2 
| 10.1 | 41.3 | 
| 
11.6) 44.5 | 
M1 | 43.4 | 
5.5 | 36.4] 

| | 
44.7 | 
| 10.2} 45.4 
} 10.1 | 46.2 
gs 10. 1| 45.4 | 
. Ka 13.0 | 
|} Li} 119] 
| | 

|, xsi. mal 
| 47] 178 
1.3 | 20.0 

| 1il 2ho 
1.4] 19.3} 

| 29.1] 67.1 
| 30.6 | 78.2 
| 85! 542 
| 94] 71.5 














| Digest-| Total 

ible | digest- 
crude | ible nu- 

| protein | trients 
Percent Percent 
7. 33.7 
16.7 53.5 
12.8 55.6 
15.6 | 55.4 
17.9 60.7 
16, 2 | 56.8 
12.3 50.1 
14.0 53.9 
1 3. 4 52.6 
64] 42.7 
11.6 52.8 
12.1 53.5 
11.8 54.1 
11.9 53.5 
5.3 | 49.7 
4.2 | 45.7 

— —_ | — 

4.8 47.7 
7.0) 78.1 
4.3 65. 6 
3.7 68.7 
5.3 | 69.7 
32.9| 75.8 
33.5 85.7 
9.6 61.6 
10.3 78.5 





From table 9 it is clear that the sweetclover-oat straw silage, trial 1, 
was decidedly lower in digestible protein and total digestible nutrients 
than the sweetclover silage made from the same crop, trial 2. 
the table indicates clearly the importance of considering the dry- 
matter content of silages in makin 


Also, 


comparisons of nutritive values. 
2, 8, and 10 had approximately 


Similarly, the corn silage fed in trial 4, because 


of its high water content, contained less digestible protein and total 
digestible nutrients than the corn silage fed in trials 14 and 15, but, 
on a dry-matter basis, it was really superior. 





‘ 
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When compared on a dry-matter basis, the sweetclover silages and 
hays are similar to the alfalfa hays in nutritive values, but the sweet- 
clover silages are, in general, a little higher in digestible protein and 
total digestible nutrients. Compared to the corn silages, the sweet- 
clover silages are much higher in digestible crude protein, but lower 
in total digestible nutrients. 

The sunflower silages contained about the same amounts of digesti- 
ble crude protein as the corn silages, but in total digestible nutrients 
they were much lower than the corn, and considerably lower than the 
sweetclover silages. Of the three silages tested, the sunflowers were 
the least palatable and the lowest in nutritive value. 

The corn silages used in these trials were made from Mercer flint 
corn. At corresponding stages of maturity and yields they have the 
same composition and nutritive values as silages from dent corn. 

The mixing of oat straw with the sweetclover to reduce the moisture 
content of the silage and aid in its preservation proved unsatisfactory. 
The silage had a very strong odor and was less palatable than the 
straight sweetclover silage. 

During a period of several years, sweetclover silage of good quality 
has been made at this station by allowing the sweetclover to wilt until 
it had a dry-matter content ranging from about 25 to 35 percent before 
ensiling it. By packing it thoroughly, the spoilage nas not been 
excessive and no evidences of so-called sweetclover poisoning have 
appeared. The digestion trials here reported indicate that when 
allowance is made for differences in water content, the sweetclover 
silages have essentially the same nutritive values as the green sweet- 
clover or the cured hay, so far as digestibility is concerned. Unless 
weather conditions are ideal it is very difficult to make sweetclover 
hay which is free from mold. With unfavorable weather conditions 
for haymaking, the silo provides a means for storing the sweetclover 
in a safe and usable form. Sweetclover silage is not as palatable as 
corn silage; in fact it is usually necessary to reduce other feeds at first 
to induce stock to eat the silage. However, after becoming accus- 
tomed to it, they will eat it readily. In considering the value of 
sweetclover silage, its relatively high protein content is not to be 
ignored. 

Our experience with the Russian sunflower indicates that it has no 
particular merit as a silage crop in this section. The sunflower silage 
is less palatable than the sweetclover silage. 

The alfalfa hays fed in these trials represent good alfalfa hay in 
digestible crude protein and total digestible nutrients. 

The digestible crude protein in the linseed meal on a dry basis is 
nearly the same as the value given by Morrison (8), but the total 
digestible nutrients are about 10 percent lower. 

Since no values for wild oats have come to the authors’ attention, 
the values given by Morrison for common oats are included in table 9 
for comparison. Compared on a dry basis the wild oats contained 
nearly as much digestible crude protein as the common oats, but 
approximately 17 percent less of total digestible nutrients. 


AGE, LIVE WEIGHTS, AND DAILY NITROGEN BALANCES OF STEERS 


The actual age of the steers was not known, and the ages given in 
table 10 are only approximate. The average live weights were 
computed from three to five weights on successive days, immediately 
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before and after the trials. As the feeds and excreta were weighed 
on scales graduated in pounds and decimals of pounds, the nitrogen 
balances are also expressed decimally in pounds. The nitrogen 
balances were determined primarily for the energy data. 





TABLE 10.—Age of steers, live weights, and daily nitrogen balances 


Ap- Nitrogen 





Average; -m.:, 
e¢ ricer live — Feeds - 
mate e No. 
ige weight Feed Feces | Urine | Balance 
ige 
Months, Pounds Pounds| Pounds; Pounds, Pounds 
~ ~ = 8 | Sweet clover silage, early bloom_- e os 25 os " roo = a 
C-22 20 828 || g |{Sweetclover silage, early bloom al- |f .4583 | .1280 | .3066 | +. 0237 
1-22 20 823 |{ “ | falfa and linseed meal | . 4331 .1158 | . 2953 | +.0220 
\-29 22 912 |) bs cain cee f .4256 | .1075 | .2309 | +.0872 
B-22 2 884 |{ 10 | Sweetclover silage, full bloom.----- \ | 4464 "1956 | | 3516 | +.0308 
C-22 21 833 |) il {Sweetclover silage, full bloom alfalfa |{ . 3768 . 0936 . 3057 | —. 0225 
1-22 21 833 |f | and linseed meal. | .4125 . 1021 . 3238 | —. 0134 
4-22 23 884 |) {Sunflower silage, alfalfa, and linseed |{ . 2716 . 0723 . 1897 | +. 0096 
B-22 23 861 |f “|. meal. \ .2716 | .0767 . 1925 | +. 0024 
C-22 22 792 13 | Sunflower silage -_-___.-.--- radeek . 0820 . 0460 . 0547 —0187 
4-22 24 918 }) . ie alia. Stas va) |f -2744 | .0908 | .1633 | +.0203 
B-22 24 877 If 14 Corn silage, alfalfa, and linseed meal \ 28 ” 0844 "1567 | +.0093 
C-22 23 788 |) a eae f 0543 | .0366 | +. 0291 
1-22 23 go7 |f 15 | Cornsilage-.-.-. \ - 0663 | .0383 | +. 0166 
A-22 25 882 || . alfa he f . 0765 - 1982 | —. 0234 
B22 | sip | Alea bay. \ -0773 | «1741 | —. 0001 
C-22 24 784 |) » — a oD om a f .0648 | .1952 . 0123 
D-22 4 sol | 17 | Alfalfa hay and linseed meal_-__-__- 0714 2078 | —. 0069 
A-24 7.5 467 | | . 0674 | . 1391 | +. 0264 
_ 4ne | is ane | 
ee u| tae ae 
D-24 7.5 428 | - 1401 | +. 0065 
A-24 9.5 498 | | | . 1782 | +. 0318 
z = . “4 = > 19 | Sweetclover, silage, alfalfa, and grain oe i tn Seer 
D-24 9.5 466 | .0665 | .1763 | +. 0405 
A-24 10.5 502 | | . 0469 . 1880 | —. 0041 
-/ - = 4 = 20 | Sweetclover silage. ................-- a = oo } —oe 
[)-24 10.5 454 | | ° . 0507 . 2057 | —. 0079 
. a | . 1 +4 
. ~ ~ 5 pH 21 | Alfalfa hay and wild oats._........- , ~~ ‘ ee > poms 
C-24 11.5 583 |) aie 9 i if. 0882 | .1865 | +. 0234 
D-24| 11.5 540 |f 22 | Alfalfa hay-.-.------- rae ete! | "0889 | 11855 | +. 0237 





METABOLIZABLE ENERGY IN FEEDS AND RATIONS 


The gross energy in the feed, feces, and urine was determined 
directly by means of a Parr adiabatic oxygen-bomb calorimeter. 
According to Armsby (/), 100 g of carbohydrates digested by rumi- 
nants produce 4.5 g of methane, with an energy value of 60.1 calories 
which is equivalent to 272.6 calories or 0.2726 therm per pound. The 
latter value was used in computing the energy value of the methane. 
The energy in the urine was corrected for gain or loss of protein by 
the steers by use of Rubner’s value for protein nitrogen as employed 
by Armsby. The energy data on all the rations fed to steers are given 
in table 11. 

Armsby (/) has shown that there is a rather striking uniformity in 
the metabolizable energy per unit of digestible organic matter in feeds 
and rations. He summarized the values found by various investi- 
gators and found that in 73 individual trials with cattle the metab- 
olizable energy per pound of digestible organic matter in roughages 
ranged from 1.50 to 1.70 therms with an average of 1.60 therms. In 
31 trials the values for concentrates ranged from 1.72 to 2.20 therms 
with an average of 1.83 therms, and in 76 trials the values for mixed 
rations ranged from 1.58 to 1.87 therms with an average of 1.66 therms. 
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The metabolizable energy per pound of digestible organic matter 
as given in table 11 ranges from 1.67 to 1.81 therms for the roughages 
and from 1.72 to 1.84 therms for the mixed rations. The average of 25 
trials is 1.737 therms for the roughages and 1.767 therms for 21 trials 
on mixed rations. These values are a little higher than the averages 
found by Armsby. 

No determinations of metabolizable energy on sweetclover or sun- 
flower silages have come to the authors’ attention, but in a single 
determination on corn silage Forbes and associates (3) found 1.731 
therms per pound of digestible organic matter compared to the value 
herein given of 1.747 therms. 

The metabolizable energy per pound of total digestible nutrients 
ranges from 1.60 to 1.72 therms for the roughages and from 1.65 to 
1.75 therms for the mixed rations. The average for the roughages is 
1.670 therms and for the mixed rations, 1.689 therms or an average of 
1.744 therms for the 46 trials. Forbes and Kriss found a somewhat 
lower value, namely; 1 pound of total digestible nutrients equivalent 
to 1.616 therms of metabolizable energy, according to an editorial 
review by Kriss (6). 


METABOLIZABLE ENERGY IN FEEDS AND FEED MIXTURES, 
COMPUTED INDIRECTLY 


The metabolizable energy per pound of digestible organic matter 
was computed indirectly for some feeds and feed mixtures similarly 
to the computations of digestibility. The computation of the metab- 
olizable energy of linseed meal, trial 9, steer C—22, will serve to illus- 
trate the method employed. The data of table 5, when corrected for 
an air-dry sweetclover residue of 0.263 pound, equivalent to 0.73 pound 
of fresh silage, show that steer C-22 consumed 24.27 pounds of sweet- 
clover silage containing 7.379 pounds of organic matter having a 
digestibility of 58.6 percent, trial 8 (table 7), or 4.324 pounds of 
digestible organic matter. Similarly, it is found that the 5 pounds of 
alfalfa hay eaten contained 2.226 pounds of digestible organic matter. 
The digestible organic matter in the whole ration was 7.682 pounds. 
Subtracting the organic matter of the silage and alfalfa from the total 
gives 1.132 pounds of digestible organic matter in the linseed meal. 

The metabolizable energy per pound of digestible organic matter 
in the silage was determined as 1.785 therms, trial 8, and for the 
alfalfa hay as 1.700 therms, trial 16 (table 11). Multiplying the 
digestible organic matter of the silage and alfalfa by their respective 
values, and adding, gives 11.502 therms of metabolizable energy in 
the silage and alfalfa. Deducting this from 13.755 therms of metaboliz- 
able energy in the total ration (table 11) leaves 2.253 therms of 
metabolizable energy in the 1.132 pounds of digestible organic matter 
in the linseed meal eaten or 1.99 therms per pound of digestible 
organic matter. The results of these computations are summarized 
in table 12. 

















Digestible Nutrients in Livestock Feeds 511 


Tanie 12.—Metabolizable energy per pound of digestible organic matter and per 
pound of total digestible nutrients in feeds and feed mixtures, computed indirectly 





Metabolizable energy 


= Individual Per pound of digestible organic - 
Feeds solo | Per pound 
trials matter | of total 
P 7 digestible 
Maximum | Minimum | Average | nutrients 
Number Therms Therms Therms | Therms 
Linseed meal, all trials... _- ee 10 | 2.19 1.70 | 97 | 1.72 
Linseed meal, omitting trial 14 '_ _- 8 2.19 1. 93 2. 03 1.74 
Barley 3 parts; linseed meal 1 part. - - 7 1.72 1. 68 1.70 | 1. 62 
ee" Se eR th cali 2 1.95 | 1.88 | 1.92 1.86 
Alfalfa 5 parts; linseed meal 2 parts-- 4 1.80 | 1.77 1.79 | 1.71 
Sunflower silage. ....-.-.--- -_ 2 1,83 1. 78 1.81 1.70 


As steers A-22 and B-22, trial 14, gave considerably lower values, 1.74 and 1.70 therms per pound of 
digestible organic matter, respecitvely, this summary with these steers omitted is given. 


Armsby (1) gives values of 1.996 to 2.177 therms per pound of 
digestible organic matter in oil meals and materials high in protein. 
The values in table 12 agree with the lower values given by Armsby. 
The average value for barley 3 parts and linseed meal 1 part is close 
to the values directly determined for the roughages and mixed rations, 
but is slightly lower. The value for the wild oats seems too high, 
but no reason can be given for this. The value for alfalfa 5 parts and 
linseed meal 2 parts is 1.79 therms, which is similar to the values 
obtained for mixed rations and is practically identical with the 
directly determined value of 1.779 therms for alfalfa hay 7 parts and 
linseed meal 2 parts (table 11), trial 17. The indirectly computed 
value for the sunflower silage is 1.81 therms compared to the single 
directly determined value of 1.67 therms (table 11), trial 13. The 
directly determined value for the sunflower silage is lower than the 
value for the other silages, but the indirectly computed values are 
higher. The differences between the directly determined and the 
computed values are undoubtedly due, at least in part, to applying 
the values obtained with one set of steers on a single feed to the data 
obtained with other steers on mixed rations. However, the data in 
general confirm Armsby’s observations on the uniformity of metaboliz- 
able energy in feeds per unit of digestible organic matter. 


SUMMARY 


In composition the silages made from sweetclover, sunflowers, and 
corn were generally higher in ash, crude protein, crude fiber, and ether 
extract, but lower in nitrogen-free extract than the crops when ensiled. 
The protein nitrogen ranged from 57.02 to 86.19 percent of the total 
nitrogen in the crops when ensiled and from 34.50 to 60.75 percent in 
the silages. 

Compared on a dry-matter basis, the sweetclover silages and hays 
resembled alfalfa hay in percentage of digestibility, digestible nutri- 
ents, and metabolizable energy; but the sweetclover silages averaged a 
little higher in digestible crude protein and total digestible nutrients. 
Mixing 1 part of dry oat straw with 5.5 parts of green sweetclover 
reduced the digestible crude protein 56 percent and total digestible 
nutrients 37 percent in the silage, on dry basis, as compared to the 
straight sweetclover silage from the same crop (table 9). 

On a dry basis (table 9), the straight sweetclover silage contained 
an average of 16.2 percent of digestible protein and 56.8 percent of 
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total digestible nutrients, compared to 5.3 percent of digestible protein 
and 69.7 percent of total digestible nutrients in the corn silage. The 
sunflower silage contained 4.8 percent of digestible protein and 47.7 
percent of total digestible nutrients. 

The sunflower silages were less palatable than the sweetclover 
silages, and the sweetclover silages were less palatable than the corn 
silages. 

The linseed meal, dry basis, contained 32.9 percent of digestible 
protein and 75.8 percent of total digestible nutrients, compared to 
Morrison’s (8) averages of 33.5 and 85.7 percent, respectively, for old 
process linseed meal. 

The wild oats, dry basis, contained 9.6 percent of digestible protein 
and 61.6 percent of total digestible nutrients, compared to Morrison’s 
averages of 10.3 and 78.5 percent, respectively, for common oats. 

The metabolizable energy per pound of digestible organic matter in 
the different feeds and rations was fairly uniform. The average of 25 
individual determinations on roughages was 1.737 therms per pound 
and 1.767 therms for 21 mixed rations, compared to 1.60 therms for 
roughages and 1.66 therms for mixed rations, as given by Armsby (/). 
The computed values for linseed meal and other concentrates are 
similar to Armsby’s values. 

In 25 individual trials the average metabolizable energy per pound 
of total digestible nutrients was 1.670 therms, and in 21 trials on 
mixed rations, it was 1.689 therms. 
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THE RELATION OF COLOR AND CAROTENE CONTENT 
OF ROUGHAGE IN THE DAIRY RATION TO THE COLOR, 
CAROTENE CONTENT, AND VITAMIN A ACTIVITY OF 
BUTTERFAT'! 


By R. E. Hopason, agent, Bureau of Dairy Industry, United States Department of 
Agriculture, and assistant dairy husbandman, Washington Agricultural Experi- 
ment Station; J. C. Knorr, associate dairy husbandman, and H. K. Murer. 
research dairy chemist, Washington Agricultural Experiment Station; and R. R. 
Graves, chief, Division of Dairy Cattle Breeding, Feeding, and Managemeni, 
Bureau of Dairy Industry, United States Department of Agriculture ? 


INTRODUCTION AND REVIEW OF LITERATURE 


In western Washington the majority of the pastures remain green 
and the grasses grow fairly rapidly throughout the summer. This 
insures a relatively high carotene consumption by dairy cows during 
thesummer. In the winter, however, much of the hay fed is of inferior 
quality and of poor color and low carotene content, even though 
it is made from material originally high in color and carotene. 

It is evident from research by Meigs and Converse (15),° Hart and 
Guilbert (9), and Guilbert and Hart (8) that dairy cattle require 
vitamin A or carotene in the ration for the purpose of sustaining 
normal health, growth, and reproduction. Kennedy and Dutcher 
(13) were among the first to report that the vitamin A value of milk 
is influenced by the vitamin A value of the feed, an observation which 
has since been confirmed by numerous investigators. 

Moore (17) has shown that the cow converts carotene into vita- 
min A. The vitamin A activity of roughage in general has been shown 
to be related to its carotene content. Guilbert (7) has used the caro- 
tene analysis as a measure of vitamin A activity. 

Since the roughage part of the dairy ration is the principal source of 
the carotene or vitamin A factor, farmers must guard against destruc- 
tion of the carotene in providing roughages for their herds. Krauss 
(14), Watson (26), and others have shown that pasture is potent in 
the vitamin A factor and produces a milk of high vitamin A activity. 
The carotene content of roughages may vary considerably. Some 
of the more important factors causing variations in carotene content 
or in vitamin A activity are stage of maturity (4, 12), method of dry- 
ing (10, 20), variety of plant (11, 15), and storage (5). 

Russell and associates (217) and others have shown that silage may 
be a good source of vitamin A in the dairy ration. Peterson and 
coworkers (19) reported that the feeding of A. I. V. silage to cows 
produced a materially higher carotene and vitamin A content in the 
milk than did a check ration containing no silage. 


' Received for publication April 19, 1938, issued October, 1938. Scientific paper No. 367, College of Agri- 
culture and Agricultural Experiment Station, State College of Washington. 

2 The writers wish to acknowledge the cooperation in this work of V. L. Miller, chemist, Western Wash- 
ing Experiment Station, and the cooperation of the Bureau of Agricultural Economics, U. 8. Department 
of Agriculture. 

Italic numbers in parentheses refer to Literature Cited, p. 527. 
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Graves and associates (6) observed a relationship between the green 
color of hay and the color of the butterfat, while Converse, Wiseman, 
and Meigs (3) state that the color of butterfat varies definitely with 
the green color and the carotene content of the roughage fed. 

The work herein reported was undertaken to determine the caro- 
tene content of feeds similar to those generally fed to dairy herds in 
this section and its relation to the color, carotene content, and vita- 
min A activity of the butterfat produced by cows receiving rations 
consisting exclusively of these feeds. 


EXPERIMENTAL PROCEDURE 


The roughage feeds studied in these experiments were pasture grass 
(grazed), field-cured hay made from perennial grass and clover mix- 
tures, silage made from the grass and clover mixtures, and silage made 
from oats and peas. 

When a crop was to be made into hay, it was cut after the dew had 
dried off and was allowed to lie in the windrow until thoroughly wilted 
after which it was raked and cocked. The hay remained in the cock 
until it was dry enough to be stored in the barn. Rain sometimes 
made it necessary to turn the cocks to facilitate drying. The method 
of making hay approximated the farm practices in this section. 

The first year the forage made into silage was allowed to wilt before 
it was put into the silo. The second year ensiling was begun immedi- 
ately after the forage was cut. Silage was made both in the ordinary 
upright silo and in the “stack’’ silo. 

Thirty Holstein-Friesian cows that were being used in a general 
investigation of the nutritive value of home-grown all-roughage rations 
were being fed the roughages studied in these experiments. In 
the winter one group of 10 cows was maintained on the hay, a second 
group of 10 cows was maintained on the silage, and a third group of 
10 cows was fed a ration containing both hay and silage. In the 
summer all three ‘aa were maintained on pasture alone. No 
supplements other than salt and iodine were fed. 

The crops from which the samples of roughage were taken and 
analyzed for their carotene and color content were grown in 1934 
and 1935, and fed during 1934, 1935, and 1936. Each summer three 
samples of pasture grass were obtained at approximately 14-day 
intervals. In 1934, the first sample was taken May 24 and in 1935, 
on June 26. During the two winter feeding periods the hay and silage 
samples were also taken at approximately 14-day intervals, at the 
time of feeding, and represented the regular ration as it came from 
the haymow or from the silos. In 1934, the first samples were taken 
on December 14 and in 1935, on Dec ember 27. Each year the cows 
were receiving hay or silage rations at least 90 days before the samples 
were taken. 

Carotene and color analyses were made on samples of the butterfat 
produced by cows receiving the various roughages. The butterfat 
samples were obtained from the evening’s milk on the day the feed 
samples were taken and from the following morning’s milk. The 
milk from each group was from cows in different stages of lactation. 
The milk was separated while still warm and the cream from the 
evening’s and morning’s milk was combined. The sweet cream was 
churned in a small churn at a temperature of 10° to 15° C. The 
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freshly churned butter was melted at 60°, centrifuged, and the pure 
fat decanted into glass containers. These samples were analyzed for 
carotene and color and fed to rats to determine their vitamin A value. 

All samples of feed and butterfat were frozen as soon after they 
were taken as possible. The samples were packed in solid carbon 
dioxide and held in it, or at —20° C. or below, until prepared for 
analysis. 

Carotene determinations were made on duplicate samples of the 
feed by a modification of the methods of Schertz (22) and Miller (16). 
The first extraction of the pigments was made by grinding the samples 
in a ball mill from which the air was excluded with carbon dioxide. 
The samples were covered with acetone during the grinding and the 
apparatus was kept at 0° C. throughout the process. After the 
samples were ground the extractions were completed with acetone and 
ether. The pigment concentration, after fractionation, was deter- 
mined by means of an Exton-photoelectric scopometer previously 
calibrated with pure beta-carotene. The pigments were extracted 
from the butterfat with ethyl ether after saponification. The pig- 
ments were then fractionated and determined in the same manner as 
for the feeds. The color determinations both of the feed and the 
butterfat were made by the Bureau of Agricultural Economics, United 
States Department of Agriculture according to the method described 
by Nickerson (18). 

Three experiments were run to determine the vitamin A value of the 
butterfat. Experiment 1 was conducted in the winter of 1934 on 
samples of butterfat produced by cows on the hay alone, on the silage 
alone, and on the hay and silage. Experiment 2 was conducted in 
the summer of 1935 on samples of butterfat produced by cows on 
pasture. Experiment 3 was conducted in the winter of 1935, and 
duplicated experiment 1. 

Determinations of the vitamin A value of the butterfat samples 
were made by a modified Sherman (24) technique, as follows: Young 
albino rats from mothers receiving a diet with a standardized vitamin 
A content were used in each experiment. After 21 days of age they 
were maintained on a vitamin A-free diet consisting of heated casein, 
18 percent; dry yeast, 10 percent; Osborne and Mendel salt mixture, 
4 percent; sodium chloride, 1 percent; and heated cornstarch, 67 per- 
cent. The casein was heated for 108 hours at 105° C. Vitamin D 
was supplied by the addition of 0.02 percent of 250 D viosterol. When 
the animals were depleted of their body stores of vitamin A, as indi- 
cated by a stationary or declining weight for 4 consecutive days, they 
were placed in individual cages and the basal ration was supplemented 
with a butterfat sample, fed twice a week over a period of 5 weeks. 
The butterfat was fed on watch crystals. The rats were distributed 
among the various groups according to the suggestions of Sherman 
and Burtis (23). With each experiment a representative group of 
rats was maintained on the basal diet as a negative control. 

In the second and third experiments the technique was modified to 
include in each experiment two representative groups of rats which 
received supplements of the U. S. P. x (1934) reference cod-liver oil 
(25) containing 3,000 units of vitamin A per gram, mixed in coconut 
oil. The reference oil was given twice a week directly into the mouth 
by means of a syringe. In each experiment, one lot was fed at the 
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rate of 1.43 and the other at the rate of 2.00 units of vitamin A per 
day. The reference mixtures were made up every 10 days and were 
held in a refrigerator between feeding periods. 


EXPERIMENTAL RESULTS 


Six samples of pasture grass, and 12 samples each of the hay ration, 
of the silage ration, and of the hay and silage ration, were available for 
study of the realtion between the carotene content of the feeds and 
the color and carotene of the butterfat. 

Pasture grass sample Nos. 1, 2, and 3 were obtained during 1934 
and Nos. 4, 5, and 6 during 1935. Hay or silage samples 1 to 5, in- 
clusive, represent the 1934 crop and samples 6 to 12, inclusive, repre- 
sent the 1935 crop. Sample Nos. 4 and 5 and 11 and 12 were silage 
made from oats and peas, the remainder being silage made from the 
same type of material as was the hay. 

Color measurements for roughage were made only for the hay. 
The relationship of these various factors in the feed and butterfat is 
shown in table 1, the feed samples in each ration being arranged 
according to their carotene content, in descending order from the 
lowest to the highest. 

There appears to be a general relationship between the green color 
of the hay and its carotene content, that is, the higher the color the 
higher the carotene content, but the relationship between these 
factors was not consistent. 

In none of the rations was there a consistent relationship between 
the carotene content of the feed sample and that of the butterfat, nor 
between the carotene content of the butterfat and its color. 


TABLE 1.—Relation of the color and carotene content of roughage to the color and 
carotene content of butterfat produced by cows on the different rations 


HOME-GROWN HAY 





Roughage Butterfat 
Sample No.! | Carotene Carotene | olor in- 
+ P content per | content per x ’ 
Color ? gram (dry- gram (dry- dex ¢ ane 
matter basis) | matter basis) | "#8 
Percent Micrograms | Microgrames 
4 4 | 2.6 4.7 
4 39 | 9 2.8 | 3.9 
2 32 12 2.8 5.0 
1 41 12 | 3.0 4.3 
3 40 | 13 3.0 4.2 
52 16 4.5 4.9 
iT) 60 17 4.3 4.4 
10) 59 | 17 4.2 5.5 
ll a 53 18 3.6 5.0 
Dcetinaetaninicsenbicdidsdeshoudeakmnend ‘ 52 | 18 4.5 4.6 
8 46 19 3.7 4.6 
12 55 19 3.6 4.6 
Mean... a saitiniivieriaton arieantteniial 14.8 3. 55 | 4.64 


| 

1 Sample numbers represent the order in which the feeds were fed. In the hay, hay and silage, and silage 
ration samples 1 to 5, inclusive, represent the 1934 crop and samples 6 to 12, inclusive, represent the 1935 crop. 
Pasture samples 1, 2, and 3 were taken in 1934, and 4, 5, and 6 in 1935. 


2 Indicates percentage of the natural green color. 














Oct. | 


1938 


TABLE l. 
carotene 


HAY AND SILAGE 


Roughage 


Sample No 


Color 


Percent 


Mean 


SILAGE 


EE eee he ee ee Le SR 
PASTURE 


Carotene 


| content per 


gram (dry- 


Relation of Roughage in Dairy Ration to Butterfat 





517 


Relation of the color and carotene content of roughage to the color and 
content of butterfat produced by cows on the different rations- 


Continued 


Butterfat 


Carotene 
content per 
gram (dry- 


| Color in- 
dex chroma 





matter basis) | matter basis) | Te@ding 
Micrograms | Micrograms 
31 7.3 6.1 
41 5.6 5.9 
43 7.2 5.2 
45 7.5 5.9 
49 5.9 5.8 
5O 8.0 6.1 
54 6.0 5.3 
56 6.0 5.2 
58 6.0 | 5.8 
75 5.9 5.3 
87 7.9 6.0 
95 | 5.2 5.3 
57.0 6. 54 5. 66 
107 6.4 5.7 
109 6.5 5.6 
134 6.4 5.8 
156 6.0 6.0 
157 7.5 6.2 
199 5.1 5.0 
205 6.8 5.5 
233 6.7 5.7 
251 6.1 5.8 
260 7.2 6.0 
268 8.2 5.8 
288 8.3 6.3 
197.3 6.77 | 5. 78 
| 

220 7.4 } 6.0 
256 | 7.6 | 5.4 
258 =| 9.1 | 6.0 
266 =| 6.5 5.9 
273 | 8.1 | 5.8 
236 =| 8.7 | 5.7 
260. 0 7.9 | 5.8 


Mean___- 
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Comparison of the average values, however, shows that as the 
carotene content of the ration increased there was an increase in the 
carotene and color of the butterfat. The increase in the butterfa‘ 
was not in direct proportion to the increase in the ration, however 
The average carotene content of the pasture grass was 17.6 times 
as high as that of the hay ration; the silage was 13.3 times as high; 
and the hay and silage was 3.8 times as high; whereas the carotene 
content of the butterfat produced on pasture, on silage, and on hay 
and silage, was only 2.2, 1.9, and 1.8 times as high, respectively, as 
that produced on hay. 

The relation between the carotene content and color of the 42 
samples of butterfat is shown graphically in figure 1. The spread 
in color index of the butterfat, from the high to the low, is not so great 
as the spread in carotene content. 

A summary of the observations during the 2-year experimental! 
feeding period shows the relative effectiveness of the different kinds 
of roughage in producing butterfat with a high carotene content, when 
fed as the sole ration. Considering the effectiveness of the home- 
grown field-cured hay as 1.00, the comparative results were as follows: 


; telative carotene 
Roughage, and its treatment: value of the butterfat 


Hay, home-grown, field-cured gt incase 
Hay, plus oat and pea silage (silo) a oe 
Grass silage (silo) io 
Hay, plus grass silage (silo) ad oe 
Oat and pea silage (silo) _- - 1.99 
Hay, plus grass silage (stack) 2. 00 
Grass silage (stack) . 207 


Pasture grass (grazed) _- 


~ 


99 
ee 


Although in many instances the hay and the grass silage were made 
from the same type of crop material, harvested at approximately the 
same time, the hay contained much less carotene than the silage. 
This would indicate that the haymaking and hay-storing practices 
were very destructive to carotene. The high carotene content of the 
silages studied would appear to indicate that ensiling a crop is an 
effective way to produce feeds of high carotene content for winter 
feeding. 

From the data at hand it is possible to calculate the percentage of 
ingested carotene that was transmitted to the butterfat unchanged. 
Table 2 shows the average daily carotene intake by the cows on the 
hay ration, the silage ration, and the hay and silage ration, also the 
vercentage of the carotene intake that was recovered as such in the 
butterfat 

On an average, the higher the daily carotene intake the lower the 
percentage of the intake that is transmitted unchanged to the butter- 
fat. Furthermore, at any level of carotene intake the percentage 
transmitted is very small. Even in the hay ration, in which the aver- 
age daily consumption of carotene was as low as 147 mg per day (see 
1934 trials, table 2), the percentage transmitted was less than 1 percent. 
The average carotene content of both the hay and silage was much 
less in 1934 than in 1935. The percentages of ingested carotene trans- 
mitted unchanged to the butterfat, indicated by this study, while 
somewhat lower than the percentages reported by Baumann and asso- 
ciates (1), tend to confirm their results. 











CAROTENE CONTENT OF BUTTERFAT PER GRAM (MICROGRAMS) 





i938 Relation of Roughage in Dairy Ration to Butterfat 









519 













































































9 r / 
e 
e e| /* 
8 ‘4 
| . 
. ° 
TY 
| . 
e 
oe? 
6 * 
° 
— 
5 Rie = * 
/ 
S a 
4 
REGRESSION LINE 
CORRELATION COEFFICIENT 
3 oD = 0.866 + 0.034 
& s 
2 
| 
3 4 5 6 7 8 9g 


COLOR OF BUTTERFAT 


FiGuReE 1.- 


Relation of carotene content of butterfat to its color. 







( CHROMA READING) 


8 0LL } 3 ~~“@sBIBAY 
6 808 
8 Sb9 
0 C21 
PLI9 
8 CFO 


ultural Research 


» 
~ 
— 
at 


one , r* . EE A ““@FBIOA Vy 


Ag 


e1¢e* 

66° 18¢ * 

£2 'T OlF* 

02 ‘I O&b ‘ 

0 PLT : 89E 0 ¢ Z9I . ae 4 r C ; 

UII eu vsbnNI TY SUDILONM | suvsbrpizy sui dsb yy suinsb suid.bopy : su vibony 4IQULNA 
“OLD FY “OL1FY 


Journal of 


J , 213 Jod 13 Jed 

}BJI9} eueqost 4 poumnsuo eae x pay Peulnsuos 4ua}U0a 
“nq ey) uy . d aye eue}07R at uen 9U9}0I8 : ‘ 
PeI9A0001 [BIOL 9u9}]018 ) nf 99404 J 909}018 -) | su s) . ' Ud}0I8,) 

. oue % 

8yBiUi GUE} B}0 
-O.180 8} JO [BjOL 
938} U90I0g IWIN : <eyy 


18 ‘sea dol) 


NOILVY AVH 


pos 771NQ 94} UL YONS SD pasaa0d0g SON 7DY} 9YDIUL aUa}0ADO 04) fo abpjuaosad 
94} O87D /(sisDq 4ayj0u-hap) U0)” abopis pun ‘ 60718 pun fhvoy ‘auo7D fivy fo $U01)D4 UO N09 sad au 4}04D9 {0 uoidwunsu0d hpiop abo. Mwy —Z TIavy 





2] 


VSBIIAV POIYSIOM UO PIS¥q 9SBIUBOIEd | 


-"@2BJ0AB PUBIT) 


to Butterfat 


OSBIVAY 


ion 


iry Rat 


x= 


z 
I 
I 
8% 
z 
4 
z 
z 


hage in Da 


J 


aDV'IIsS 


Relation of Rouc 








522 Journal of Agricultural Research 


The relation between average daily carotene consumption and thie 
percentage of the ingested carotene transmitted unchanged to butter- 
fat, based on 36 observations, is shown graphically in figure 2. 
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FiagurE 2.—Relation between daily carotene intake and the percentage of 
the intake transmitted to butterfat in the form of carotene, based on 36 
observations. 





Table 3 shows the growth made by rats fed different amounts of the 
different samples of butterfat, also the apparent vitamin A activity of 
each sample. The vitamin A activity was calculated on the basis of 
the average growth made by reference groups of rats in experiments 
2 and 3 that were fed a known number of vitamin A units in U.S. P.x 





i028 Relation of Roughage in Dairy Ration to Butterfat 523 


reference oil. In each of the three experiments representative groups 
of animals were maintained on the basal diet as negative controls. 
In the first experiment seven rats survived an average of 11 days and 
lost an average of 9 g. In the second experiment 10 rats survived an 
average of 15 days and lost 17 g. In the third experiment seven rats 
survived an average of 15 days and lost 19 g. 


TABLE 3.—Vitamin A content of butterfat produced by cows on different roughage 
rations, as determined on the basis of U. S. P.x (1934) reference 'cod-liver oil and 
also by the Sherman unit growth method 


EXPERIMENT 1 (1934) 
| fi ; Vitarmi A 
[ ; itamin A per 
| Experi- | avers _ ae ; 

. * i oF Average | Factor | Vitamin gram of butter- 

R —_— a mental rats | | gain per | for gain | A fed in fat by— Decrease 
rately oy eg —| "fat fed | Tatin | per unit | butterfat by U.S. P.x 
a 4 , daily | SWweek | of vita- | or cod- method 

aioe lot | Per — period min A | liver oil | U.S. P.x| Sherman 

No. lot method | method 


“m- Milli- | 

grame Grams Grams Units Units Units 

40 | 36. 6 . 575 63. 6 45. § 5 
80 64. | . 575 111. 39. 44. 
160 3. . 578 144. ! 25. 28, 
4) 1. . 578 106 75. M4 
§ 143 51. 57. 
176. 31. 35. 
£ 104.9 | 74. § 83 
y and silage 81. . 575 141. 50. 6 | 56. 
154. 27.6 | 30. ¢ 


Sano, Be) 


anes ws 


2 (1935) 


EXPERIMENT ; 


Hay 
Silage 


Hay and silage 


“10o Om OOD Ore 
vs s NS¢ 
wwe or 


Based on the average of the factors for gain per unit of vitamin A by lots 4 and 5 in experiment 2 and 
ke its 7 7 and 8 in experiment 3. 
? Based! on the average of the factors for gain per unit of vitamin A by lots 4 and 5 in experiment 2 
Received known amounts of vitamin A in the form of U. 8. P.x reference cod-liver oil. 
* Received 1.43 units of vitamin A daily in cod-liver oil. 
* Received 2.00 units of vitamin A daily in cod-liver oil. 
° Based on the average of the factors for gain per unit of vitamin A by lots 7 and 8 in experiment 3. 


As shown in table 3, the vitamin A values for the experiments were 
calculated by both the Sherman weight-gain method and the U. S. 
P.x reference oil method. The vitamin A values for the butterfat 
were approximately 14 percent lower in experiment 2 and 7 percent 
lower in experiment 3 when calculated by the U. S. P.x method. 

There was a high degree of uniformity in the growth response by the 
reference groups in experiments 2 and 3. In experiment 2, lots 4 and 5 
gained 0.60 and 0.59 g, respectively, in the 5-week period, or an av erage 
of 0.595 g per unit of vitamin A fed in cod-liver oil. In experiment 3, 
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lots 7 and 8 gained 0.51 and 0.60 g, respectively, or an average of 
0.555 g per unit of vitamin A fed. The average for all four reference 
lots was 0.575 g. This factor was used as a basis for calculating the 
U.S. P.x vitamin A values in experiment 1. 

As will be noted by a study of table 3, the different groups of rats 
did not all produce growth responses in proportion to the amount of but- 
terfat fed. Therefore, the comparative vitamin A activity of the but- 
terfats produced on the different roughage rations has been interpreted 
by selecting from table 3 the groups of rats that produced a growth 
response most closely approximating that of the reference groups. 
Table 4 shows the average vitamin A activity of butterfat produced 
on hay, on silage, on hay and silage, and on pasture, as indicated by 
the selected groups of rats. 











TABLE 4.—Average vitamin A activity of butterfat produced on hay, on hay and 
silage, on silage, and on pasture, as indicated by selected groups of rats 





















| Amount | 


Average Gain per 


; ; i | gain per | Unit of Vitamin 
Ration fed to cows producing Experi- Lot Ne Rats per | of but- | Ag: vitamin | A per 
the butterfat ment No ne Paws lot terfat fed = hag | A by ref-| gram of 

daily period | ference | butterfat 





groups 













| Milli. 
| Number | grams 


| Grams Grams Units 
Hay f 1 1 10 40 | 36.6 0. 575 45 














\ 3 2 8 43! 46.5 - 555 56 


Average 


Hay and silage. 






PETES, MC Se SETS, Se 


iii i 1 1 9 4 | 610| «575 76 
Silage --.- 3 3 8 21.5 49.2} 1555 | 118 
PE SERRE A ee 


Pasture _..... 






It is apparent that pasture grass produced butterfat more than twice 
as high in vitamin A activity as did the hay ration; while the silage 
produced butterfat 1.9 times as high in vitamin A, and the hay and 
silage 1.7 times as high as the hay. 

The total daily production of vitamin A per cow in the butterfat 
produced on the various rations, as expressed in U. S. P. x (revised 
1934) units, was approximately 18,000 for the cows on the hay ration, 
28,000 for the cows on the hay and silage ration, and 32,000 for the 
cows on the all silage ration. 

Table 5 has been prepared to show the relatienship of the carotene 
content of butterfat to its total vitamin A activity. For this purpose 
0.6 microgram of carotene has been taken as equivalent to one U. S. 
P. x (revised 1934) unit of vitamin A. While this equivalence has 
been questioned in the case of butterfat (2) its use gives relative figures 
which show a rather constant ratio of carotene content to vitamin A 
activity in the butterfat. It appears that regardless of the amount of 
carotene in the ration these cows maintained a relatively constant 
ratio of carotene to total vitamin A activity in their butterfat. 
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TABLE 5.—Average carotene content of butterfat produced on four different roughage 
rations, and the percentage of total vitamin activity in the butterfat attributable to 
the carotene in the butterfat 


—-- 
| Average 


“ | Total vita- 
ee Vitamin A attributed to| min A ac- 


== carotene in butterfat tivity of 
| butterfat 


on Re } 
Ration fed to cows producing the butterfat a, ae 
| per gram 

| Micrograms | Units: | Percent | Units 

1 | 2. 83 | 4.7 | 10. 35 
4.05 6.7 | 11. 96 

Average : ; . . - 3. 5. 11. 16 


Hay and silage. ..-...-.- 


Average 


Average. - 


Pasture........ 


: 0.6 microgram of carotene considered equivalent to 1 U.S. P. x (revised 1934) unit of vitamin A. 


The vitamin A activity of the butterfats did not follow proportion- 
ately the increase in the carotene content of the several rations. The 
same is true of the vitamin A activity with respect to the color of the 
butterfat. The ratio of the carotene content of the butterfat and its 
vitamin A activity remained practically constant for each of the four 
rations. While a high carotene content of the roughage and a high 
color content of the butterfat indicated a high vitamin A value, they 
were much less indicative of the vitamin A value than the carotene 
content of the butterfat. The carotene content of the feed may indi- 
vate in general the carotene content, or vitamin A activity, of the 
butterfat but it is not an accurate measure. 

During the course of this experiment one of the three groups of 10 
cows was maintained throughout two winters of 181 and 182 days 
duration, respectively, on an all-hay ration, with no evidence of vitamin 
A deficiency on this feeding schedule. Parturition in all cases was 
normal and the calves were strong, healthy, normal individuals. 
There is a probability of some carry-over of vitamin A from the 
pasture season, however. The minimum requirements of carotene 
for cattle, observed by Guilbert (8), are well below the amounts 
received by the cows on the hay ration. 

The real advantage, therefore, in providing high-carotene feeds, 
above a minimum requirement which is not yet accurately known, is 
that it improves the vitamin A value of the butterfat in the milk. 
These studies demonstrate the comparative vitamin A value of the 
butterfat produced on the various kinds of roughage. The roughage 
part of a good dairy ration including both hay and silage in the 
winter and pasture in the summer as fed in this experiment will 
effectively provide sufficient of the vitamin A factor for maintenance, 
reproduction, and the production of butterfat of high vitamin A 
activity. 


100884—38——4 
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SUMMARY AND CONCLUSIONS 


Twelve samples of the home-grown field-cured hay fed in this exper- 
iment were analyzed for their green color and their carotene content. 
In general, the samples containing the highest percentages of green 
color also were highest in carotene content. This relationship did 
not hold true for each of the 12 samples, however. 

The average carotene content of the hay ration, the hay and silage 
ration, the grass-silage ration, and the pasture ration was 14.8 micro- 
grams per gram, 57.0 micrograms per gram, 197.3 micrograms per 
gram, and 260 micrograms per gram, respectively. When these ra- 
tions were fed as the sole roughage to Holstein-Friesian cows, they 
produced butterfat with an average carotene content of 3.6 micro- 
grams per gram for hay; 6.5 micrograms per gram for hay and silage; 
6.8 micrograms per gram for silage; and 7.9 micrograms per gram for 
pasture. The increase in the carotene content of the butterfat was 
not in the same proportion as the increase in the carotene content of 
the feeds. 

There was a good relationship between the color and carotene 
content of butterfat. For 42 observations the correlation coefficient 
was 0.866 + 0.034. 

The home-grown field-cured hay fed in the winter, which had an 
average carotene content of 14.8 micrograms per gram in addition to 
whatever carry-over there might have been from pasture the preceding 
summer, apparently furnished enough of the vitamin A factor for 
normal body activities, reproduction, and the production of butterfat 
of approximately 50 units per gram. The average daily carotene 
intake was 185 mg. 

A ration of home-grown hay and grass silage with an average caro- 
tene content of 57 micrograms per gram produced a butterfat with a 
vitamin A value of approximately 86 units per gram. The average 
daily carotene intake was 897 mg. 

A ration of grass silage with an average carotene content of 197 
micrograms per gram produced a butterfat with a vitamin A value of 
approximately 97 units per gram. The average daily carotene intake 
was 1,799 mg. 

Pasture with an average carotene content of 260 micrograms per 
gram produced a butterfat of approximately 105 units per gram. 

The average percentage of the carotene ingested that was secreted 
as carotene in the butterfat was 0.71 percent for the cows receiving 
hay, 0.22 percent for the cows receiving hay and silage, and 0.12 per- 
cent for the cows receiving silage. 

The carotene in butterfat accounted for only a small percentage of 
the total vitamin A activity. By assuming that 0.6 microgram of 
carotene is equivalent to one U.S. P. x (1934 revision) unit of vitamin 
A the percentage of the vitamin A attributable to carotene in the hay 
ration was 11.2 percent; hay and silage ration 12.7 percent; silage 
ration 11.3 percent; and pasture 13.7 percent. 
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THE EFFECT OF ENVIRONMENTAL TEMPERATURE ON 
MORTALITY, RATE OF GROWTH, AND UTILIZATION 
OF FOOD ENERGY IN WHITE LEGHORN CHICKS! 


By C. F. Wincuester, formerly research assistant and M. KLEIBER, associate 
animal husbandman, California Agricultural Experiment Station 2 


INTRODUCTION 


The effect of environmental temperature on growth rate, food 
consumption, and the conversion of food to body substance in chicks 
has been investigated by Kleiber and Dougherty (11) * who studied the 
effects of air temperatures of 21°, 27°, 32°, 38°, and 40° C. on chicks 
during the period from 6 to 15 days of age. The daily rate of growth 
was found to increase as the environmental temperature decreased. 
Maximum gain in weight was 4.88 g per day at 21°, while minimum 
gain was 2.74 g per day at 40°. Availability of food, defined as 

— AXYC?TA 
lod ee, es optimum at 38°. 
food 

Energy stored as gain in body substance (net energy in production) 
reached a maximum at 32° C. The energy content per unit of 
weight gained was at a minimum at 21° (1.41 Cal.* per gram) and ata 
maximum (2.95 Cal. per gram) at 38°. Total efficiency (the total net 
energy produced per unit of food energy consumed) exhibited a 
maximum of 34 percent at 32° and a minimum at 21°, at which tem- 
perature it was 16 percent. 

Barott and his coworkers (2) studied the effects of environmental 
temperature on chicks younger than those used by Kleiber and 
Dougherty. Heat production and gaseous exchange of chicks from 
10 to 100 hours of age, at temperatures from 68° to 104° F., were 
determined with a respiration calorimeter. A “critical temperature” 
was found at 96°, and a 15-percent increase in metabolism resulted 
from an increase or decrease of 7° from this temperature. Metabolism 
increased as environmental temperature decreased from 96° to 70°. 
The energy output at 70° was twice that at 96°. Deutectomized 
as well as normal chicks were studied. 

Lewis (13), using groups of 50 White Leghorn chicks, found that at 
an average temperature of 29° C. (32° on the first day decreased grad- 
ually to 23° on the twenty-eighth day) there was a mortality of 24 
percent, while there was a mortality of 10 percent at an average tem- 
perature of 34°. Lewis (13, p. 102) stated: ‘“This increased death rate 
was due in nearly every instance to crowding at night in an effort to 
keep warm.” 

I Received for publication March 2, 1938; issued October, 1938. The experimental work for this study 
was made possible by a financial contribution from the California Committee on the Relation of Electricity 
"7 ‘The ethers are indebted to the members of the staff of the Division of Poultry Husbandry of the College 
of Agriculture, University of California, for cooperation in supplying suitable eggs for hatching and for the 
use of miscellaneous items of equipment. The samples of food and excreta were analyzed for nitrogen, 
carbon, and energy content by A. J. Soderberg. 

Italic numbers in parentheses refer to Literature Cited, p. 544. 

‘ Cal, as used in this paper =kilogram-calorie. 
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The work of Kleiber and Dougherty (//) at temperatures ranging 
from 21° to 40° C. gave rise to questions as to the possibility of chicks 
surviving at temperatures below 21° and as to the relationship between 
heat production and energy intake at such low temperatures. The 
present series of trials was carried out to obtain information on these 
points. It was planned first to conduct trials at temperatures within 
the range studied by Kleiber and Dougherty for comparison and then 
to carry out trials at temperatures below this range to determine the 
lowest environmental temperature at which chicks would be able to 
grow. In particular, an attempt was made to determine whether 
there exists a temperature at which growth becomes negligible because 
all available energy that a chick can take in is used to produce heat 
for the maintenance of body temperature. In accordance with this 
plan, chicks were raised in environments the temperatures of which 
were within the range 21° to 38° C. and at 16° and 18°, 


METHODS 


The methods employed were similar to those described by Kleiber 
and Dougherty (1/1). ‘Ten control birds were used, and five individuals 
were chosen for each experimental group. The chicks were hatched 
from trap-nested eggs from a flock in which the males were full broth- 
ers. Each individual in the experimental group was represented by 
two individuals from the same hen in the control group, except in 
the trial at 35° C., where this was true except in the case of one experi- 
mental bird, and in the trial at 18° where each experimental bird 
was matched with a half brother or sister and with one other individual. 
Control birds with body weights matching as closely as_ possible 
those of the corresponding experimental individuals were chosen. 

At temperatures of 21° C. and above, the duration of each trial was 
10% days at full feed, followed by a 36-hour period during which the 
chicks had free access to water but received no food. The period 
of fast included the last 12 hours (night) of the twelfth day of each 
trial during which period fasting katabolism was determined. During 
the determination of the fasting katabolism little or no activity was 
observed. The duration of the trials at 16° and 18° was shortened 
by the failure of some individuals to survive at these temperatures. 
No fasting katabolism determinations could be made at 16° and 18° 
because the chicks which lived longer than 10 days were too weak to 
survive the long period of fasting. 

The chicks were allowed free access to food, which was considered 
adequate for every requirement. The food, prepared in pellet form, 
contained: 

25 parts of ground whole wheat 

25 parts of ground whole yellow corn. 

25 parts of ground whole barley. 

15 parts of fish scrap with 65 percent protein. 
5 parts of dry skim milk. 

5 parts of ground bone. 


To 100 parts of this mixture were added: 


2 parts of pulverized limestone (96 percent CaCOQs). 
46 part of salt (NaCl). 

1 part of cod-liver oil. 

1 part of yeast. 
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Except for the yeast the ration used was identical with that used by 
Kleiber and Dougherty. 

Lemon juice was added to the drinking water in line with the recom- 
mendation of Holst and Halbrook (7). The discovery of the fat- 
soluble antihemorrhagic vitamin (Almquist (/)) indicates that 
vitamin C probably was not necessary to the diet. Food intake was 
governed by the birds’ appetite. Appetite in relation to environ- 
mental temperature, energy utilization, and rates of growth was 
thus studied. Kleiber and Dougherty (11, p. 704) have discussed 
appetite as “an important variable which determines i in a great many 
cases the actual level of energy transformation in animals.” 

-- experimental chicks were kept in the climatic cabinet described 

’ Kleiber and Dougherty (11). The temperature was maintained 
pbc ally and seldom varied by as much as 2° C. from the desired 
level. Relative humidity was automatically maintained at 50 percent. 

Air samples taken at the beginning and end of each (10- to 13-hour) 
period were analyzed in a modified Haldane apparatus (Kleiber (9)). 


RESULTS 
MORTALITY OF CHICKS 

The limited number of chicks does not allow definite quantitative 
conclusions with respect to mortality at the various temperatures, 
yet the results indicate that the lowest limit of environmental temper- 
ature for these chicks was approached in the experiments. 

None of the control chicks and none of the experimental birds kept 
at 21° C. or above died during these trials. At 18° one chick out of 
five died on the fifth day and one on the tenth day of the trial. The 
surviving chicks were removed from the chamber on the morning of 
the eleventh day of the trial. Of five chicks kept at 16°, one died on 
the sixth, one on the ninth, and one on the tenth day of the trial. The 
surviving chicks were removed from the chamber on the tenth day. 

The chicks that were lost at 16° and 18° C. exhibited (before death) 
a dropsical condition of the foot and shank accompanied by redness 
of the skin of the leg and foot. During the last 2 days of life the 
droppings were sticky. True diarrhea such as that reported by Hall 
(6), who produced diarrhea in chicks by chilling them under a fan for 
short periods, was not observed. About 24 hours before death the 
chicks became very weak and failed to eat. On post-mortem exami- 
nation it was found that the alimentary tract was entirely filled with 
food in each case. No abnormalties of the internal organs were 
observed. 

The death rate probably was not influenced positively by the tend- 
ency of chicks to crowd together at low environmental temperatures, 
for only five birds were placed in the cabinet at a time. Under the 
conditions of the experiment huddling together actually may have 
resulted in a decrease of the death rate since it is a means of saving 
energy, as Kleiber and Winchester (12) have shown. 

EFFECT OF TEMPERATURE ON THE GROWTH RATE OF CHICKS 

Chicks hatched late in the season were noticeably smaller than those 
hatched earlier. To avoid any influence on the results that might 
have been exerted by seasonal variations in the birds, the mean daily 
increase in weight of the experimental chicks was calculated as per- 
centage of the mean daily increase of the corresponding controls. 
The result of this calculation expressed as a curve is given in figure 1. 
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This curve shows relative rates of growth through a period of 8 days. 
The rate of increase in weight per day was 2.2+0.4 g° for the chicks 
kept at 16° C., while the mean rate of increase for the experimental! 
chicks kept at temperatures higher than 16° (18° to 38°, inclusive) 
was 3.9+0.3 g per day. That of all the control birds was 4.4+0.3 ¢ 
per day. Growth rate data are given in table 1. 

Growth rate was slowest at 16°, and most rapid at 21° C. as is 
shown by the next to the last column in table 1. Kleiber and Dough- 
erty (11) observed that the rate of growth increased as environmental 
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Fiaure 1.—Mean daily increase in weight of chicks oF at different tempera- 
tures, expressed as percentage of mean daily increase of corresponding controls. 
Rates of growth shown during a period of 8 days. 


temperature was decreased to 21°, which parallels the results of the 
present experiment in a corresponding temperature range. That 
growth took place at all at 16° is a rather remarkable fact. The man- 
ner in which energy was spared for growth at this (comparatively) 
low temperature will be discussed later. 


TaBLe 1.—Weight and growth-rate data for chicks kept at different 
tem peratures 


Experimental groups 








| Mean Mean Mean yay | 4 
Environmental temperature (°C.) weight of | weight of | weightof | ,@@UyY | dally 
| chicks at chicks at | chicks at ee | ear 
start of end of 8 | end of 11 | throug through 
trial } days days | period of period of 
| ” 8 days 11 days 
nes — See 
| Grams | Grams | Grams Grams | Grams 
ie a . | 35. 50.9 } 58.0+1.3 | 69.441.6 | 2. 840. 2 3. 140.2 
| ae . HO.1t .8 86.142.5 | 102.543.4 | 4.54 .3 | 4.82 .4 
eo ‘ : 45.041.3 | 77.2423 | 99.2+3.3 | 40+ .3 4.94 .3 
cae mock 47.0414] 88.2423 |............ = Pj eee 
_ Deen 43.8+1.0 | 61.1+2.8 ee Neo WES } 224.4 








5 Throughout this paper the figure following the sign refers to the standard error of the mean. 
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TaBLeE 1.—Weight and growth-rate data for chicks kept at different 
temperatures—Continued 


Daily increase of ex- 
perimental chicks 
expressed as per- 

Control groups centage of daily 
increase of control 
chicks at ages 





shown 
Environmental tem- 
perature (°C.) ——— 1 Me eee 
| | 
Mean Mean Mean —_ pos } 
weight of | welant of | weight of | increase | increase | day | 11<day 
hee ee : - through through | period period 
startof | endof8 | end of1l period of period of 
. trial days | days 8 days ul days | | 
| | 
Grams | Grams Grams Grams Grams Percent | Percent 
38 34.9+1.5 63. 0+1.4 78. 541.9 3. 540.3 | 4.0+0. 2 80.0 77.5 
35 50. 241.1 91.2+2.4 | 109.0+ .7 5.1 .3 | 5.34 .5 | 88.2 | 90. 6 
21 44.94 .9 | 79.742.0 | 102.841.9 | 4.34 .3 5.3% .2 93.0 | 92.4 
18 : eT hee ee oe ae val 91.7 4 
16 OGe10| Weel.7 1...) €he.31.........- 51.2 


A formula for determining the relative rate of growth during the 
accelerating phase of growth has been given by Brody (4). The 
formula is as follows: 


dW 
di =kw 


where 
W =body weight in grams 
t=time in days 


The integrated form has been used for these calculations, namely: 


p—nW.—lnW _, —9 30259 | log W; 2—log W, 
_—a gee 
The calculations were based on the weights obtained the morning 
of the fifth day of life and those obtained on the morning of the ninth, 
the thirteenth, and the sixteenth day. The results of these calcula- 
tions are given in table 2. The relative rate of growth at 16° C. 
was distinctly lower than that at any higher temperature. 
The growth rates of chicks raised at 16° and 18° C. are given for 
the first 8 days of the trial only, since some chicks kept at the two 
lower temperatures did not survive longer. 


TABLE 2.—Relative growth rate of chicks of various ages, kept at different temperatures 
as determined by Brody’s formula; 
log W.— log W 
k= 2.30259 00S Ws— los Wy) 
(tg—t,) 








Percent growth per day: (100 k) during period of age indicated 
PRA E EP a Pe ne a ok 


Air temperature (°C.) | 





| 
| 58days | 9-12 days | | 13- STOR 5-12 days | 5-15 days ‘ 
| (inclusive) Guseastve) | (inclusive) (inclusive) | (inclusive) 
| 
| 
Percent | Percent Percent | Percent | Percent 
_ Sa eae : & y SRBRE SS Se scalp 
ERD 2 Sek Se eT 6.1 | _ f Sea ees | _t 2, Ses FS 
: | 7, | 6.8 


aacem> 


8.4 
6.1 | 5.8 
6 
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EFFECT OF TEMPERATURE ON FOOD CONSUMPTION, RATE OF EXCRETION, AND 
AVAILABILITY OF NUTRIENTS 


During the period from the fifth to the twelfth days, inclusive, 
(during which it was possible to make comparisons of chicks at all the 
temperatures used) the food consumption per chick was greatest at 

18° C. and least at 38°. Because of the variations in weight of the 

birds, a better comparison can be made in terms of body size. Kleiber 
(8) has found the 0.75 power of the body weight to be the most suitable 
means of comparing the metabolism of animals of various sizes. 
Brody and Procter (5) found the 0.73 power of the body weight to be 
best for making comparisons of metabolism. The 0.75 power of the 
body weight is used throughout this paper for comparing the body 
weight of chicks. The symbol kg” is used here as the unit of the 
0.75 power of the body weight expressed i in kilograms. 
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Fiaure 2.—Rate of food consumption and heat production by, and net and avail- 
able energy of food of chicks as related to environmental temperature. Curves 
are those of Kleiber and Dougherty (11, p. 717). The original points are repre- 
sented by circles; corresponding data from the present experiment are indicated 
by circles enclosing crosses, and horizontal and vertical lines. 


The chicks kept in an environment of 16° C. consumed more food 
per kg™ than those kept at higher temperatures. The relation of food 
consumption and environmental temperature seems to be nearly 
linear, as figure 2 shows. 

Availability of food was somewhat greater at 21°, 35°, and 38° C. 
than at 16° and 18° (table 3). The term “availability” as employed 
here means the amount of dry matter retained by the body, expressed 
as percentage of the dry matter consumed. The dry matter not 
excreted is “available” either for production of body substance or for 


production of heat. This conception is very useful in nutrition work 
with chicks where digestibility of food would be difficult to determine 
owing to the fact that feces and urine of birds cannot easily be sep- 
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arated. 
closely. 

The availability for the period including the fifth and twelfth days i is 
plotted against the environmental temperatures in figure 3. At 35° and 
38° C. the availability was very similar to that determined by Kleiber 
and Dougherty, who found the maximum at 38°; but in the present 


The results for the various periods of each trial agree quite 
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Fiaure 3.—Availability of food dry matter to chicks as influenced by 


environmental temperature. 


experiment maximum availability of nearly 66 percent was found at 
21°, while availability at 16° and at 18° was approximately 63 percent 
as compared with more than 64 percent at 35° and 38°, during the 
fifth to twelfth day period. 


TABLE 3.—Food consumption, excretion, and food availability per day for chicks of 
various ages kept at different temperatures, expressed on a dry-matter basis 








Data for indicated air temperature 


Age (days) Item 
16° C. | 18° C. | 21°C. | 35° C. | 38° C 
Food. _grams__ 9. 67 10.78 | 9.73 10. 11 5. 64 
3 Excretion .do___. 3. 65 4.10; 3.47 3. 51 | 2. 05 
Available do 6. 02 6.68 | 6.26) 6.60} 3. 59 
Availability _- percent 62.30 | 62.00 | 64.30 | 65.30 63. 70 
Food -... grams 14.79 | 16.74 15. 10 11. 86 7. 56 
19 Excretion do 5.49 6.10 | 5.00 4. 30 2. 65 
” Available_. do 9.30 | 10.64/ 10.10} 7.56 | 4.91 
Availability percent 62.90 | 63.60 | 66.90 | 63.70 | 65.00 
Food . | SRE, Space 20. 15 12. 67 | 9. 27 
13-15 Excretion do -| 6.67] 4.24] 3. 46 
Available__.. do 13.48 | 8.43 5.81 
Availability percent.|__.--._-|_-__-.-| 66.90 | 66.50] 62.70 
Food ...._- grams 12.23 | 13.76 | 12.42] 10.99] 6.60 
gee )Exeretion _- do. 4.57 | 5.10| 4.24| 3.91| 2.35 
. ---|) Available 3 " “we 7. 66 8.66 | 8.18] 7.08 4.: 
Availability _. percent __ 62. 60 | 62.90 | 65.90 | 64.40) 64. 
URE. kmimene a --| 14.53 11. 45 | 7. 3 
5-15 } Excretion _ . Rit Seeee | 4.99 4.00 2. 
Available _. | “et RE eer 9. 54 l¢ 3.6 4.6 
Availability percent._|........ . | 65.70 | 63. 
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Considering the fact that the digestive systems of the birds at the 
two lower temperatures were probably taxed to full capacity, an avail- 
ability of 63 percent at 16° and 18° C. seems quite favorable as com- 
pared with availabilities of 64 to 66 percent observed at more nearly 
optimal temperatures. The ration used was as nearly as possible 
equal to that fed by Kleiber and Dougherty except for the addition 
of yeast to the feed and lemon juice to the drinking water. The great- 
est difference between the availability observed in this trial and that 
of the authors mentioned was 8 percent at 21°. 


RESPIRATORY EXCHANGE OF CHICKS AS AFFECTED BY TEMPERATURE 


The metabolism of chicks apparently tended to increase as environ- 
mental temperature was lowered to 18° C. This result parallels the 
observations of Kleiber and Dougherty. The carbon dioxide produc- 
tion per kg* is larger in the present series of trials than in the earlier 
series at each environmental temperature. Maximum CO, - kg** was 
produced at 18° during the first 8 days of the trial (table 4). At each 
level of temperature above 18° C. the carbon dioxide cd tion was 


successively lower. At 16° the CO, production was less than that at 
18°. 


TABLE 4.—Carbon dioxide produced per day by chicks of various ages kept at dif- 
erent temperatures 
Data for indicated environmental temperatures 
Basis, period, and age of chicks <) ei 2 





} 16° C, wo. | BC. 35° C, 38° C, 
Per chick Liters | Liters Liters Liters Liters 
Period 1 (5-8 days) . ‘ 4.87 5. 55 4. 61 3. 95 2, 20 
Period 2 (9-12 days) . , aee 6. 31 7. 32 6. 67 4.62 2. 81 
Period 3 (13-15 days) J ui wae 8. 42 6. 09 3. 49 
5-12 days _ = 5. 59 6.44 5. 64 4. 29 2.5 
5-15 days = ae 6. 40 4.78 | 
Per kilogram of body weight ! 
Period 1 (5-8 days) - ‘ , 105. 1 108. 2 | 93.3 | 71.0 | 54.7 
Period 2 (9-12 days) 4 93. 2 | 106. 6 | 103 9 62.4 57.6 
Period 3 (13-15 days) * — - 99. 6 65.8 58. 1 
5-12 days......- on 7 97.9 107.3 99.3 66.2 56.3 
i 15 days seed . : ‘ ie SEN 99. 4 66.0 56. 9 
Per kg34 
Period 1 (5-8 days) _-- 48.7 51.4 34.3 24.3 
Period 2 (9-12 days) -- : 47.1 54.2 32.5 26.8 
Period 3 (13-15 days) — 36. 2 28.8 
5-12 days... 2 : 47.8 52.8 33.5 25.9 
5-15 days soneead ~< Keonael 33. 7 | 26.7 





1 Average of mean daily body weights. 


TABLE 5.—Respiratory quotients of full-fed chicks of various ages kept at different 
temperatures 


Respiratory quotients for indicated environmental temperature 


Age of chicks (days) 16° C, | 18° C, | 35° C, 
| 
| a res | ons | = 
Day Night Day Night Day Night 
| ee era, wap oo 
| aa r : 1. 005 | 0. 830 | 0. 961 0. 843 0.996 | 0. 990 
9-12_...... , panel : 1.001 .812 | . 931 | -820 | 1.029 | 972 
512 


_ ere = icine 1. 003 . 820 - 950 | . 831 | 1,012 | - 981 


Day and night... a 0.912 0.889 0.998 
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The respiratory exchange at 18° C. during the first 8 days was 
slightly more than twice that at 38°. Respiratory quotients of full-fed 
chicks are given in table 5 for the trials at 16°, 18°, and 35°.® Kleiber 
and Dougherty (11, pp. 714-715) have stated that ‘‘there seems to be 
a tendency for the R. Q. to be lower at the extremely low and high air 
temperatures.” This tendency appears to have been confirmed for 
low temperatures in the present experiment, as the respiratory quo- 
tients at 16° and 18° were 0.912 and 0.889, respectively, while the 
lowest respiratory quotient reported in the experiment just cited was 
0.971 (at 21°). At 35° the respiratory quotient (in the present trials) 
was 0.998, which is quite close to an average of the respiratory quo- 
tients reported earlier (11) for 32° and 38°. Marked variations 
between day and night respiratory quotients similar to those reported 
earlier were observed. Kleiber and Dougherty assume that the 
lower respiratory quotient found at night was a result of decreased 
fat production of the birds during the hours that they were without 
food. A comparison of the respiratory quotients in table 5 with those 
in table 7 shows the respiratory quotients at full feed to be much higher 
than those of fasting chicks. 


NITROGEN, CARBON, AND ENERGY BALANCE 


The excreta and food were analyzed for nitrogen, carbon, and energy 
content. The quantities of dry matter ingested and excreted daily 
were determined. The differences between the amounts of nitrogen, 
carbon, and energy ingested and those excreted are the quantities 
available for production of body substance or for combustion. For 
each liter of carbon dioxide given off by the animal 0.5359 g of 
carbon was subtracted from the total carbon available. The balance 
is considered as the net carbon or the carbon stored in the body. To 
find the amount of protein gained, the figure for available nitrogen 
was multiplied by 6.25 and to find the amount of carbon in the protein 
gained, the amount of available nitrogen was multiplied by 3.25. The 
amount of carbon in the body fat produced during the trial was found 
by subtracting the amount of carbon in the protein from the total 
amount of carbon stored. The net energy’ gained was found by 
obtaining the sum of the heat of combustion of stored fat and of pro- 
tein gained. The difference between the available energy intake 
and net energy gained was considered equivalent to the heat produc- 
tion of the animal. 

Data on energy metabolism are given in table 6. Since some of the 
chicks held at 16° and 18° C. died during the first few days of the trials, 
the results for these trials are given only for the period from 5 to 12 
days inclusive, and, for purposes of comparison, data for the first 
8 days of the other trials are given, as well as the data obtained during 
the 11-day period when chicks at temperatures of 21° and above were 
at full feed. 

The hypothesis of Kleiber and Dougherty that “with lower tempera- 
ture, the heat production tends to approach the energy intake, since 
the latter is naturally limited,” seems to be confirmed by the results 

6 At temperatures of 21° and 38° C. oxygen consumption was measured only during the fasting katabolism 
determinations. 

‘ |, used here the term ‘“‘net energy”’ or ‘“‘net energy in production”’ refers to energy in body substance 


$1 ¢ of protein=5.7 Cal. (kilogram-calories). 
1 g of fat =9.5 Cal. (kilogram-calories). 
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of the present trials. During the first 8 days of the trial at 38° C., 
44 percent of the energy taken in was used to produce heat; at 35°, 
45 percent; at 21°, 55 percent; and at 18°, 58 percent. The heat 
production per kg’ was greater with each decrease in environmental 
temperature, including the trial conducted at 18°. At 16°, however, 
the heat production was 261.7 Cal. as compared with 266.1 Cal. per 
kg at 18°. It is difficult to account for a aes rate of heat produc- 
tion at 16° than at 18° unless it be assumed that the mean body 
temperature was lower at 16° than at 18°. This assumption would 
also help to explain the surprising fact that net energy in production 
was found to be greater at 16° than at 18°. At 16° net energy in 
production was 63.5 Cal. per kg, while at 18° it was 45.7 Cal. per 
kg. During the first 8 days of the trials the mean net energy in 
production was 75.7 Cal. per kg.% at 21°, 35°, and 38°; and for the 
entire 11-day period the corresponding figure was 74.2. The only 
record that the writers have found of reduced body temperature in 
birds at low environmental temperature is that of Benedict and his 
coworkers (3), who found that the mean rectal temperatures of a group 
4 mature homozygous frizzle fowl, determined during a period of 
3 days at environmental temperatures ranging from 5.6° to 13.9° 


was 41.2° as compared with 41.6° for a group of normal chickens 
under the same conditions. 


TABLE 6.—Energy transformation at full feed, and composition and energy content 
of the daily gain of body weight, for chicks kept at different environmental tempera- 
tures while 5 to 12 and 5 to 15 days old 


Data for indicated environmental temperature and age of 
chicks 


Item 21° C. 


35° C. 38° C 

16° C.,| 18° C 

5 to 12 | 5to 12 

days days | 5to 12) 5to15| 5to12) Sto 15 | 5to12)| 5told 

days days days days days days 

Mean body weight, grams 52. 4 65.5 61.1 72.1 68. 1 76.3 46.7 52. 4 
Mean body size, kg*/* 110 . 130 123 . 140 133 145 102 . 110 
Energy in food per day per kg*/, 


Calories..| 472.7 161.3 420.4 441.3 S51. 3 335.8 275. 1 283.3 
Energy in excreta per day per kg*/*, 


Calories 147.5 149.5 122.3 126.5 104.2 97.9 4.2 8S. 2 

Available energy per day per kg*/' 
Calories 325.2 | 311.8 | 307.1 314.8 | 247.1 237.9 190.9 195. | 

Heat production per day per kg*/‘, 


Calories 261.7 266. 1 237.9 235. 4 158.8 168. 3 121.3 121.4 
Energy in gained body substance | 


per day per kg*/*. Calories 63.5 45.7 69. 2 79.4 88.3 69. 6 69. 6 73.7 
Daily gain in body weight...grams 2.16 4.41 4. 03 4.93 4.51 4.76 2. 81 3. OR 
Daily production of body protein 

grams . 81 1.06 1.06 1, 25 1.06 1.19 . 63 . 69 
Daily production of body fat__.do . 25 —.01 . 26 .42 . 00 . 35 | 37 . 44 
Energy in body substance gained ' | 

daily._.... Calories 6.99 5.94 8. 51 11.12} 11.74 10. 10 7.10 8.11 
Body protein per gram increase in 

body weight grams 375 . 240 . 263 . 254 . 235 250 . 224 224 
Body fat per gram increase in body 

weight ‘ grams . 116) —.003 . 065 . OR5 . 133 . 074 . 132 . 143 
Inorganic matter per gram increase 

in body weight (mostly water) 

grams . 9 . 762 . 672 - 661 . 632) . 676 . 644 . 633 
Energy per gram increase in body | 
weight Santdiisinitahtidniaan Calories 3. 24 1.35 2. 11 2. 26 2. 60 2.12 2. 53 2. 63 
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Figure 2 represents the relationship between the temperature of 
the air and the energy transformations in the birds’ bodies. The 
energy exchange is calculated per kg in order to avoid any possible 
influence of body size. The curves given in figure 2 are reproduced 
from the work of Kleiber and Dougherty (11), and because the data 
obtained in the present experiment confirm the earlier work insofar as 
the higher temperatures are concerned, new curves have not been fitted. 
At 16° and 18° C. the extrapolations of Kleiber and Dougherty do 
not seem to fit the data obtained in the present experiment, which 
can be explained by the fact that the extrapolations were based on 
the assumption that body temperature and specific insulation of the 
chicks would remain constant. As has been mentioned, it is assumed 
that the mean body temperature of the chicks was reduced at a low 
environmental temperature, for otherwise these results could not easily 
be explained. 


COMPOSITION AND ENERGY CONTENT OF SUBSTANCE GAINED BY BODIES OF CHICKS 


The effects of environmental temperatures on the daily production 
of protein, fat, and net energy are shown in table 6. Carbon and 
nitrogen balances were used in calculating the energy metabolism of 
the chicks on the assumption that the organic constituents of the 
body substance gained were mainly protein and fat. For the 8-day 
period there was no production of body fat at 18° C. Fat storage at 
16° was approximately equal to that of 21°, but less than that at 35° 
and 38° during the first 8 days of the trial. 

The daily gain of protein per chick was 1.06 g during the first 8 days 
of the trial at 18°, 21°, and 35° C. At 16° where the daily gain of 
body weight was markedly lower, daily gain of protein was 0.81 g. 
At 38°, where the daily gain in weight was also comparatively low, 
the gain in protein was 0.63 g. Except at 16° the gain in protein per 
gram increase in body weight ranged only from 0.22 g at 38° to 0.26 g 
at 21°. Kleiber and Dougherty (1/1) found that the gain in protein 
changed only from 0.22 to 0.27 g per gram of increase in body weight 
at temperatures ranging from 21° to 40°. At 16° in the present series 
of trials 0.37 g of protein was gained per gram of body substance 
gained. 

At 16° C. 7 Cal. of net energy was gained daily, while at 18°, 
where the ee gain in body weight was more than twice that at 
16°, the daily gain in net energy was approximately 6 Cal. This 
seems to confirm the statement that “the body weight is no general 
criterion for the effect of food on energy storage in the animal.” 
At 18° water and other inorganic materials constituted 76.2 percent 
of the gain in body weight, while at 21° the content of inorganic 
material was 67.2 percent during the same period of the trial (fifth to 
twelfth days inclusive). At 16° the water content of body substance 
gained was 50.9 percent. This was far lower than the water content 
of body substance gained at any higher temperature. 


FASTING KATABOLISM 


Rates of fasting katabolism were determined over a period of 
approximately 12 hours during the night. The chicks were fasted 24 
hours before the beginning of these determinations. Since the chicks 
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kept at 16° and 18° C. were too weak to survive a 36-hour fast, no 
determinations of fasting katabolism could be made of these two 
groups. Rates of fasting katabolism of the birds kept at 21°, 35°, 
and 38° are given in table 7. These results are calculated to a 24-hour 
basis. A standard of 4.7 Cal. per liter of oxygen consumed was used 
to determine the heat production of the chicks. 


TABLE 7.—Fasting katabolism (calculated to 24-hour basis) of chicks at 16 days of 
age, when kept at different temperatures 


| 
| | | Daily respiratory | 
| } exchange per | 


daily hes ti 
chtair ecleniatad’ | Daily heat production 


| 
Respira- 


, : ~ ‘ 
Air ry tas | Rn A | kav to 24 hours | tory 
} 5B —)| quotient ' 
: | Per | ” , 
CO, Oo | | Per chick| | kilogr: = m | Per kg? 
| | | | 
| | 
Grams | | Liters Liters | —— | Calories 4 — 
| 84.2 0. 156 3.70 | 5. 24 | 0. 706 5 | 292 158 
35 : a 95.7 | -172 | 2. 58 | 3. 59 . 719 19 177 9s 
.. si | @25) .125 | 1. 69 2. 32 . 728 10.9 ° | 174 87 
| | 








Daily heat production as determined in this series of trials was 
somewhat greater than that reported by Kleiber and Dougherty (1/1). 
At 21° C. the daily heat production per kg: was 158 Cal., whereas 
Kleiber and Dougherty found daily heat production to be 128 Cal. at 
this temperature. Similarly, daily heat production at 35° and 38° 
was 98 and 87 Cal. respectively. Kleiber and Dougherty found daily 
heat production to be 90 Cal. at 32° and 83 Cal. at 38°. 


CALORIGENIC ACTION OF FOOD AT VARIOUS ENVIRONMENTAL TEMPERATURES 


In calculating calorigenic action the figures for metabolism at full 
feed and for fasting katabolism were used. Since it was impossible 
to obtain data on the fasting katabolism of birds raised at 16° and 
18° C., the heat increment was calculated only for birds raised at 
environmental temperatures of 21°, 35°, and 38°. These data are 
given in table 8 


TABLE 8.—Calorigenic action of food of chicks kept at different environmental 
temperatures 


| Data for indicated environ- 
mental temperatures 
Item 


| 

| 

Daily basal heat production per kg*/4 calculated to the age of 10 days | 
Calories__| 


Daily heat production at full feed per kg*/#__......_- 
Daily heat increment at full feed per kg?/4_................._. -| 3¢ 
Daily available energy in food per kg3/4_............-...-------2 ee - 315 | 238 | 195 
Heat increment per 100 Cal. av ailable energy at full feed 





Since the average age at full feed was 10 days, and the age at which 
the fasting katabolism was determined was 16 days, it was necessary 
to calculate a theoretical fasting katabolism for the age of 10 days. 
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The fact that the metabolism at full feed bears a close relationship to 
the energy value of food consumed, and the observation of Kleiber 
(10) that for very different animals the total energy intake seems to be 
approximately equal to the same multiple of the fasting katabolism, 
make possible the calculation of the calorigenic action. It is assumed 
that the fasting katabolism of the birds, during the period studied, 
increased by 1 percent of the mean for each additional day of age as 
determined for the metabolism at full feed. 

The following equation was used to calculate a theoretical fasting 
katabolism for chicks 10 days old (11): * 


3.0 (1+0.01 X6) = Big 
where ; 
B,y=fasting katabolism per kg? at the age of 10 days 
B,,=fasting katabolism per kg? at the age of 16 days. 
EFFICIENCY OF ENERGY TRANSFORMATION AT VARIOUS TEMPERATURES 


The terms “partial efficiency” and ‘total efficiency” are employed 
in the same sense as they are used by Kleiber and ‘Dougherty (11). 
The “partial efficiency” can be represented as a quotient oe by 
dividing the figure representing an increment of net energy by that 
for the energy intake necessary to produce the increment of net energy. 


AA 
AU 
p=partial efficiency 


p= 


where 
AA=change in net energy 
AU=corresponding change in energy intake 


In this equation 1A may mean an increase in energy in the animal’s 
body when a trial is carried out above the maintenance level, or it 
may mean a decrease in the loss of energy resulting from an increase of 
food consumption in the case of a trial carried out below the mainten- 
ance level. Its value is positive in either case. The increase of net 
energy has been calculated as the difference between the amount of 
available food energy taken in and the corresponding heat increment 
(availability is defined on page 534). Thus the partial efficiency at 
three environmental temperatures has been calculated from the data 
in table 8. The partial efficiency, in terms of net energy per 100 
Cal. of available food energy is, for temperatures of 21°, 35°, and 38° C., 
73, 68, and 80 Cal., respectively. Since it was impossible to obtain 
data on the basal metabolism of chicks at air temperatures of 16° and 
18° the partial efficiency for these groups cannot be given. As will be 
noticed in table 8, there is a considerable difference in the heat incre- 
ment at 35° and 38°, a discrepancy for which no explanation is now 
available. 

"* Experiments are under way from which it is hoped to measure this relation of age to basal metabolism. 
It is seen from the equation above that the correction for age for the present trials amounts to 6 percent of 


the fasting katabolism. Even if the coefficients of age were actually considerably different from that as- 
sumed (1 percent) the total correction would not seriously affect the conclusions reported here. 
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The term “total efficiency’ as used here refers to the net energy 
expressed as percentage of the available food energy. The tota! 
efficiency and the partial efficiency are related (11), as is shown by th« 


following equation. 
A U-—E E 
_ a =" x U z =n( 1-3) 


n= total efficiency : 
n»=partial efficiency 
‘=energy of food intake 
E=energy derived from food for maintenance 
A=net energy in production 





where 


The total efficiency would approach the partial. efficiency if a very 
small proportion of the total food energy were required for mainten- 
ance, and it equals zero when the energy necessary for maintenance 
becomes equal to total food energy taken in. 

Fasting heat production data have been used in calc ulating the 
partial efficienc y, but they are not necessary for calculating the “total 
efficiency; therefore the figures for total efficiency cannot ‘have been 
influenced by possible errors which might be present in the measure- 
ment of partial efficiency such as the effect of social temperature reg- 
ulation on the fasting heat production. The total efficiency calculated 
from data in table 6 is presented in table 9. The lowest total efficiency 
was found at 18° C., while the total efficiency at 16° was higher than 
that at 18° but not so high as that at 21° during the first 8 days of trial. 
Through an experimental period of 8 days the greatest total efficiency 
was found at 35° and 38° (36 percent). 


TABLE 9.—Total efficiency of energy utilization in growing chicks kept at different 
temperatures while 5 to 12 and 5 to 15 days old 


Total efficiency for indicated environmental temperature and age of 
>} 
chicks 


Item | 16°C, | 18°C, 21° C, 35° C. 38° C, 
ay : } 
5-12 5-12 5-12 5-15 5-12 5-15 5-12 | 515 
days days days days days days days | days 
| } | 


| 
Percent| Percent) Percent) Percent, Percent) Percent) Percent| Percen 

E nergy in gained body substance x 100 | } | | 

‘Available food ene rgy-.- ae Meee 20 15 23 | 25 | 36 29 36 38 


SUMMARY 


White Leghorn chicks were raised at environmental temperatures 
of 16°, 18°, 21°, 35°, and 38° C. from 5 to 14, 15 or 16 days of age, 
inclusive. Groups of five chicks were kept at controlled air temper- 
atures and were matched by groups of 10 chicks kept in a conven- 
tional brooder. Both the control and the experimental groups had 
free access to feed which was considered qualitatively complete. The 
respiratory exchange of the chicks kept at controlled air temperatures 
was measured, and the fasting katabolism was determined. Food 
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consumed and excreta were weighed and were analyzed for nitrogen, 
carbon, and energy content. 

No deaths occurred among the chicks kept at 21° C. or above, nor 
among the control birds. Of five chicks kept at 18° two had died 
by the end of the tenth day of the experiment, and of the same 
number kept at 16° three had died. 

Post-mortem examination of the birds lost at 16° and 18° C. dis- 
closed no observable abnormalities of the internal organs, but in each 
the alimentary tract was entirely filled with food. 

The mean growth rate of the control birds was 4.40.3 g per day, 
while that of the experimental chicks ranged from 2240.4 g at 
16° C. to 4.5+0.3 g at 35° during the first 8 days of the experiment. 

Food consumed was approximately a linear negative function of 
the environmental temperature. 

nn Ome 
Availability of food, or Sood — excrete, X 108, 
, food 
creater at higher temperatures than at 16° and 18° C. 

The CO, production reached a maximum at 18° C., and decreased 
as environmental temperature increased. CO, production per kg% 
(0.75 power of body weight expressed in kilograms) was less at 16° 
than at 18°. 

Energy of body substance gained per day exhibited a minimum of 
45.7 Cal. per kg at 18° C., and a maximum of 88.3 Cal. per kg” at 
35° during the ‘first 8 days of the experiment. At 16°, 63.5 Cal. of 
net energy was stored as gain in body substance per kg™ per day. 

The environmental temperature had a pronounced effect on the 
composition of body substance gained. The amount of fat stored 
per gram of increase in body w eight was greatest at 35° and 38° C. 
At 18° no fat was stored, while at 16° fat storage was exceeded only 
by that at 35° and 38° during the first 8 days of the experiment. 
The gain of protein per gram increase in body weight w as greatest 
at the lowest environmental temperature. The absolute increase in 
protein at 16° was exceeded at all the higher temperatures except 38°. 
The gain in protein varied from 0.224 g (38°) to 0.375 g (16°) per gram 
of increase in body weight. Maximum energy content per gram of 
weight gained was 3.24 Cal. at 16°, and the minimum per gram of 
weight gained was 1.35 Cal. at 18°. The minimum amount of water 
(0.509 g per gram increase in body weight) was stored at 16°; the maxi- 
mum (0.762 g per gram increase in body weight) was stored at 18°. 

The following fasting katabolic rates were determined: 158 Cal. per 
kg’ per day at 21° C., 98 Cal. per kg% per day at 35°, and 87 Cal. per 
ke per day at 38° 

The partial efficiency, or the increase in net energy per unit of the 
corresponding increase in food energy, was determined for environ- 
mental temperatures of 21°, 35°, and 38° C. 

At 35° and 38° C. total efficiency, or total energy in the produced 
body substance expressed as percentage of the available food energy 

taken in, was 36 percent during the first 8 days of the experiment, 
while at 21° total net energy was 23 percent of the available energy. 
At 18° net energy was 15 percent of the available energy, and at 16° 
it was 20 percent. 


was somewhat the 
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SOME ,PHYSIOLOGICAL*STUDIES OF CROWN GALL AND 
CONTIGUOUS TISSUE ' 


By R. Naey, industrial fellow in biochemistry and plant pathology; A. J. R1kER, 
professor of plant pathology; and W. H. Prrerson, professor of biochemistry, 
Wisconsin Agricultural Experiment Station 2 


INTRODUCTION 


As part of an investigation of the pathological plant growth induced 
by the crown gall organism it appeared desirable to study the nature 
and physiology of both diseased and contiguous tissue. Only a few 
comparisons of such tissues have been reported. Strohmer and 
Stift ($1)* found that the galls of sugar beets were higher in ash, pro- 
tein, and moisture but lower in sugar than the normal roots. Town- 
send (34) and others found that the galled beets were decidedly lower 
in sucrose than the normal ones. Klein and Keyssner (15) have made 
an extensive study of the forms of nitrogen found in galls and contigu- 
ous tissue of several hosts. In most instances the percentage of the 
various forms of nitrogen was higher in the galls than in the con- 
tiguous stems. Sylwester and Countryman (32) found both callus 
and gall tissue of apple to contain cellulose, pectin, lignin, and gum. 
The gall tissue also contained tannin, but the callus tissue did not. 
Berthelot and Amoureux (4) found similar differences in tannin content 
between galls and normal tissue of sugar beets. They (3) also com- 
pared gall tissues resulting from inoculation of sugar beets with two 
strains of Phytomonas tumefaciens (Smith and Town.) Bergey et al., 
but obtained no significant differences. 

Glutathione and ascorbic acid have been considered to play an 
important role in the growth of plants. Hammett (/2) in particular 
has emphasized the importance of glutathione. Through its con- 
stituent amino acids glutathione probably accelerates cell proliferation 
and protein reconstitution and differentiation. Virtanen (36) reported 
large increases in dry weight of plants grown in sterile nutrient solutions 
containing ascorbic acid. Binet and Magrou (6) and Berthelot and 
Amoureux (4) reported greater amounts of glutathione in crown gall 
than in the host plant. The latter investigators likewise found 
nearly twice as much ascorbic acid in the galls as in the beet root. 

Several investigators have suggested a relation between the activities 
of oxidative enzymes and atypical growth. For example, Bristol (7) 
attributed cell stimulation to the unchecked action of locally concen- 
trated, intercellular oxidizing enzymes. A disproportionate balance 
between the enzymes, especially an overabundance of peroxidase, he 

' Received for publication March 17, 1938; issued October, 1938. This study was made possible by 
grants from the International Cancer Research Foundation and from the Wisconsin Alumni Research 
Foundation, University of Wisconsin. 

? The writers were ably assisted with certain of the analyses by H. A. Conner and F. C. McIntire. The 


illustrations were prepared by Eugene Herrling. 
* [talic numbers in parentheses refer to Literature Cited, p. 553. 
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postulated, would result in hyperoxidation in the epithelial cells. 
Klein and Ziese (16) found the catalase activity in crown gall of beets 
to be greatly increased over that in healthy beets. Likewise (17) 
an increase in peroxidase in crown gall of horseradish paralleled the 
increase in catalase. The activity of diseased tissue was 80 to 100 
percent greater than that of healthy tissue. Smith (28, 29) and 
Robinson (25) were of the opinion that atypical growth may be 
caused by uncontrolled respiration but that the initial cell stimulation 
was caused by an “‘oxygen-hunger.”” In view of the strongly aerobic 
nature of Phytomonas tumefaciens (26), the oxygen may be greatly 
reduced in the intercellular spaces, thus modifying the enzyme rela- 
tion and creating an environment for cell stimulation. According 
to Kluyver (18, p. 529), “* * * the conversion of a normal tissue 
cell into a cancer cell could ultimately depend on a quantitative 
change in property of one single catalytic agent which determines 
metabolism.’”’ In view of the importance of oxidative enzymes in 
cell metabolism it seemed desirable to compare the catalase, peroxidase, 
and oxidase content of normal and crown gall tissue of plants. A 
preliminary report on part of the work has already appeared (2/). 
For a background to this work proximate and other analyses were also 
made. 


~XPERIMENTAL WORK 


Three kinds of plants were used to furnish material for analysis. 
Tomato (Lycopersicum esculentum Mill.) plants were grown in the 
greenhouse in the late fall and early winter of 1933 and in the field 
during the summers of 1934 and 1936. When the plants were 6 weeks 
old, a number of inoculations were made in the upper internodes with 
the crown gall organism, Phytomonas tumefaciens. A sufficient amount 
of gall tissue for analysis was produced in 6 weeks after inoculation. 
Simultaneously with the collection of the galls, sections of the stem 
immediately above and below the galls were taken to furnish samples 
of contiguous tissue. The samples from the greenhouse plants were 
placed in hot alcohol and stored until the following summer before 
being analyzed. Material from the plants grown in the field was 
analyzed immediately after harvesting. 

A second source of material was the gall and normal tissue of sugar 
beets (Beta rulgaris L.) grown in the field and inoculated i in the usual 
manner. A third source was the naturally occurring galls and con- 
tiguous bark from the roots of red raspberry (Rubus strigosus Michx.). 
The sugar-beet and raspberry samples were also analyzed immedi- 
ately after harvesting. For this purpose 250-¢ samples were com- 
pletely extracted with successive portions of hot 60-percent alcohol. 
The extracted residue was dried and ground to insure uniform sam- 
pling. It was employed for determinations of starch, pentosan, and 
uronic acid. The alcoholic extract was evaporated under reduced 
pressure to remove the alcohol, diluted with water to a definite volume, 
and then analyzed for sugar and for alpha amino, amide, ammonia, 
and nitrate nitrogen. Another portion of fresh tissue was dried at 
100° C. for the determination of moisture, ash, ether extract, cellulose, 
and total nitrogen. 
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PROXIMATE AND OTHER ANALYSES 






Analyses were made on the dried materials and solutions as follows: 
Ash, ether extract, total nitrogen, and pentosans by A. O. A. C. 
methods (1); ammonia, amide, and nitrate nitrogen by the method of 
Sessions and Shive (27); cellulose according to Kirschner and Hanak 
(19); starch by the method of Davis and Daish (8); uronic acid by the 
method of Dickson, Otterson, and Link (10); alpha amino nitrogen by 
the method of Van Slyke (35); and sugars according to Stiles, Peterson, 
and Fred (30). The woh of the analyses are given in tables 1 and 
2. Although considerable variability appears, there are certain con- 
spicuous differences between crown gall, which grossly resembles 
embryonic tissue, and contiguous tissue. These differences are con- 
sidered in the discussion. 
































TABLE 1.—Chemical composition of normal stem and of gall tissues of tomato 


Greenhouse ma- 


ms iia . Field ! material, 
terial, 1933 Field material, 1934 1936 


Analyses — 
Stems Galls Stems Galls Stems Galls 


Percent Percent Percent Percent Percent | Percent 


ES ae ee e 10.4 10.3 14.0 11.4 16.8 10.1 

Analyses on basis of dry matter 
Ash... a‘ : cating 12.3 13.2 7.7 14.1 8.4 14.2 
Ether extract 2.0 1.7 1.1 1.7 1.7 2.2 
Total nitrogen 3.0 3.3 2.8 4.9 1.4 3.5 
Alpha amino nitrogen el 23 . 40 50 . 25 .33 
Amide nitrogen 35 . 26 .10 . 08 
Ammonia nitrogen 15 15 . 06 .10 
Nitrate nitrogen : 35 24 .07 .12 
Reducing sugars 4.5 1.9 4.6 2.3 3.9 5.1 
Nonreducing sugars 3.0 2.3 .35 1.1 2.0 4.7 
Starch d 6.8 5.0 3.3 2.3 2.7 4.3 
Cellulose __. z 30.0 22.8 31.0 15.9 35. 1 20.5 
Pentosans 4.1 2.1 13. 5 7.8 21.5 13.4 
Uronic acids 8.9 10.9 10.4 9.1 3.7 13.4 


' 


! Produced during July and August 1936, 


TABLE 2.—Chemical composition of normal and of gall tissue of raspberry and 
sugar beets 


Raepberry Sugar beets ! 


Analyses 


Cortical Jalle Normal . 
tissue Gals tissue Gals 
Percent Percent Percent Percent 
Dry matter 40.7 17.9 20.0 16. 1 
Analyses on basis of dry matter 
Ash__. = 4.9 6.9 2.7 6.5 
Ether extract 1.6 4.1 4 1.0 
Total nitrogen 1.4 3.1 - 86 2. 88 
Alpha amino nitrogen . 33 . 36 2 31 
Amide nitrogen - - -- . 02 . 05 . 02 Trace 
Ammonia nitrogen - . 03 . 23 02 . 02 
Nitrate nitrogen - - ’ Trace .0 01 . 03 
Reducing sugars 5.7 8.0 of 8 
Nonreducing sugars 1.9 .0 69. 6 41. 64 
Starch __ 9.9 3.0 Ja 2 
Cellulose___-. 13. 2 13.8 5.1 9.5 
Pentosans 14.5 7.3 3.4 7.0 
Uronic acids 10.1 8.2 4.5 4.1 


! Produced during August and September 1937. 
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Glutathione determinations were made on galls, stems, and actively 
growing tips of tomato plants by the method of Okuda and Ogawa 
(23). This method gives both the oxidized and reduced forms of the 
sulphydryl group. The data (table 3) show that the tips of green- 
house plants contained much more glutathione than either the galls 
or stems. The galls from field plants had more than the stems. 

Ascorbic acid determinations, also, were made on galls and on the 
tomato tissues by the method of Bessey and King (5). The results 
are given in table 4. As with glutathione, actively growing tips con- 
tained much more ascorbic acid than stems or galls in which relatively 
little was found. 


TABLE 3.—Glutathione content of crown gall and of contiguous tomato stems 





Glutathione per | Glutathione per 
100 g of dry 100 g of dry 
tissue ' } tissue 
Material Trials j Material Trials - 
| . | . 
Re- | Oxi- Re- Oxi- 
| duced dized | | | duced | dized 
form form || form form 
Grown in the green- Milli- | Milli- Milli- | Milli- 
house Number| grams | grams Grown in the field Number| grams | grams 
Galls . - Ss 1.6 1.6 a dienin 10 5.0 5.5 
Stems 7] 1.1 1.4 ae s 2.9 2.0 
Active growing tips 1 7.5 3.7 
TABLE 4.—Ascorbic acid content of crown gall and of contiguous tomato tissue 
| Ascorbic | Ascorbic 
, ’ Teale | acid per 100 5 Triale | acid per 100 
Material Trials | g of dry Material Trials g of cry 
tissue | tissue 
Grown in the greenhouse Number | Milligrams || Grown in the field: Number | Milligrams 
Young galls : 7 Galls ner 12 . 
Old galls 3 8 Stems . . ‘ ‘ 12 6 
Young stems 3 3 
Old stems. 3 6 
Active growing tips 3 2.2 


CATALASE 


Catalase activity was determined by means of Appleman’s appa- 
ratus as modified by Davis (9). The method involves the measure- 
ment in a gas burette of the oxygen liberated from hydrogen peroxide 
by the enzyme. Two-gram and 10-g samples of gall and con- 
tiguous stem tissue, respectively, were ground with a small amount 
of water, an excess of calcium carbonate, and a small amount of 
sand. After 2 minutes of grinding the macerated tissue was put 
through a fine wire gauze, thoroughly washed, and made up to 100 
ml. Two milliliters of the gall extract and 10 ml of the stem extract 
were placed in flasks containing 10 ml of phosphate buffer (pH 7.0) 
and the flasks attached to a mechanical shaker in a 25° C. constant- 
temperature bath. When the contents of the flasks reached the 
desired temperature, 5 ml of 3-percent neutral hydrogen peroxide 
was added to the flasks, the shaker was started, and the volume of 
the evolved gas was measured in a gas burette at regular intervals. 
The readings were converted to standard pressures and temperatures. 
The galls liberated 160 percent more gas than the same weight of 
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contiguous stem tissue. The data in figure 1 are based on the aver- 
age of 14 determinations on galls and an equal number of correspond- 
ing stems. 


PEROXIDASE 


Peroxidase activity was determined according to the method of 
Guthrie (11), based on the formation by the enzyme of phenol indo- 
phenol from p-phenylenediamine hydrochloride and alpha-naphthol, 
in the presence of hydrogen peroxide. One milliliter of a 10-percent 
plant extract prepared by grinding 10 g of tissue and diluting to 100 
ml was used for each determination. As seen from figure 2, the galls 
were approximately 120 percent more active in the formation of 
indophenol than an equal weight of the contiguous stem. The data 
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Ficure 1.—Catalase activity of crown gall and of contiguous stem tissue of 
tomato. 


are based on the average of 19 determinations on galls and an equal 
number of corresponding stems. 


OXIDASE 


Oxidase activity was measured by the Bunzel apparatus as modi- 
fied by Harvey (13), based on the absorption of oxygen by pyrogallol. 
Twelve milliliters of a 1-percent solution of pyrogallol was placed 
in the larger of the two arms of the apparatus, and in the other, 5 
ml of gall. or stem juice together with 1 ml of phosphate buffer (pH 
6.5). In the vial was placed 1 ml of concentrated sodium hydroxide. 
The apparatus was immersed in a 25° C. constant-temperature bath 
and agitated for 2 hours by means of a mechanical shaker. The 
amount of oxygen absorbed was measured by the difference in the 
mercury column. The galls showed approximately 130 percent more 
oxidase activity than the contiguous stem (fig. 3). The data are 
based on the average of nine determinations on galls and an equal 
number of corresponding stems. 
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Figure 2.—Peroxidase activity of crown gall and of contiguous stem tissue of 
tomato. 
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Figure 3.—Oxidase activity of crown gall and of contiguous stem tissue of 
tomato. 
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TYROSINASE 


The activity of tyrosinase was determined by a modified method 
of Raper and Wormall (24), which involves the estimation of the 
unchanged tyrosine by means of phenol reagent at various intervals. 
Fifty milliliters of expressed crown gall juice were placed in a 500-ml 
flask containing 200 ml of 0.05-percent tyrosine solution buffered 
with borate to pH 8.0. The flasks were immersed in a 25° C. con- 
stant-temperature bath and rapidly aerated. At regular intervals 
10-ml samples were withdrawn and pipetted into 0.5 ml of 10-percent 
acetic acid and the mixture was brought to boiling. The solution 
was filtered into 100-ml volumetric flasks and the precipitate washed 
well with hot water. The filtrate was diluted to about 50 ml; 5 ml 
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Figure 4.—The rate of destruction of tyrosine by the tyrosinase of crown gall 
from tomato. 


TYROSIN DESTROYED PER 50 MILLILITERS OF JUICE 


of phenol reagent and 25 ml of saturated sodium carbonate were 
added. After standing for one-half hour the flasks were made up 
to 100 ml and compared colorimetrically with a standard containing 
1 to 4 mg of tyrosine in 100 ml prepared at the same time as the 
unknown. In 8 hours 50 ml of crown gall juice destroyed one-half 
of the tyrosine, whereas no loss was detected from a similar prepara- 
tion of stem tissue (fig. 4). The data are based on the average of 
six determinations on galls and an equal number of corresponding 


stems. 
HYDROGEN-ION CONCENTRATION 


Hydrogen-ion concentration of galls and of contiguous stem both 
above and below the galls was determined with a glass electrode. 
About 3 g of tissue was mascerated in 10 ml of water, and the deter- 


minations on the liquid were made within 3 minutes. Nineteen 
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representative determinations gave the following averages: Gall 
tissue, pH 5.72; stem tissue pH 5.79. This indicates that no sig- 
nificant difference existed between the tissues, when large masses 
were thus examined. It is possible, however, that significant differ- 
ences exist between different portions of a given tissue, as suggested 
by Berridge (2). 

DISCUSSION 


The analyses made of the galls and contiguous tissue indicate a 
condition in the galls similar to that found in young plant tissues. 
The ash, total nitrogen, and simple forms of nitrogen in tomato are 
generally higher, whereas nonmetabolically active materials, such as 
cellulose and pentosans, are lower in the galls than the host plant. 
The cellulose and pentosans of sugar beets are higher in galls than in 
contiguous uninfected tissue. The difference between the two tissues 
in all three host plants is particularly noteworthy with respect to the 
more highly organized nitrogen. This conclusion is apparent if the 
sum of the nitrogen fractions is subtracted from the total. The 
difference in nitrogen thus obtained, probably polypeptide or protein 
in character, is from two to four times as high in the gall as in normal 
tissue. So far as the analyses reported are concerned the papers 
cited in the introduction are in general confirmed by the present 
studies. 

Glutathione is found in greater abundance in the galls than in con- 
tiguous stems, but it is even more abundant in the actively growing 
tips. This situation is in accordance with Hammett’s views on the 
role of glutathione in the organization of protein. 

The activity of the oxidizing enzymes may be considered a measure 
of the metabolic status of the tissue, and hence may serve as an indi- 
cator of the physiological response of plants to various treatments. 
Since the galls are in a highly active vegetative state, it is not sur- 
prising to find the concentration of catalase, peroxidase, and oxidase 
greater in the galls than inthe stems. It is doubtful that the increase 
in catalase is owing to the hydrogen-ion concentration as suggested 
by Harvey (13), since no significant difference was found in the pH 
value of the galls and neighboring tissue used. Bristol (6) and Lantz 
(20) reported an inhibitory action of catalase on the oxidation processes 
within the cell. Unpublished determinations in the writers’ labora- 
tories on the rate of respiration, as measured by the Barcroft appa- 
ratus, indicated a great increase in the uptake of oxygen in the galls 
over that of the contiguous uninoculated tissue. It appears that 
under these conditions an environment would be created in which 
there would be an insufficient amount of oxygen for some of the cells. 
This, according to Smith (28), and Smith, Brown, and Townsend (29), 
would compel these cells to divide if they were to live. 

The tyrosinase activity of the gall tissue deserves special comment. 
Although traces of this enzyme were observed both in a culture of 
Phytomonas tumefaciens and in the tomato plant, the tyrosinase of 
the galls is so great that the amounts cannot be quantitatively com- 
pared. Alpha amino nitrogen and tyrosinase activity were, respec- 
tively, 20 and 200 percent greater in the galls than in the contiguous 
stem. Tottingham, Nagy, and Ross (33) found a condition similar 
to this in abnormal potatoes. Rapidity of oxidation, indicated by 
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the increase in oxidative enzymes, and presence of a large amount of 
amino acids may favor both production and activity of ‘tyrosinase in 
the galls. Nobutani (22) found a marked stimulation of tyrosinase 
activ vity on a p-cresol substrate by a number of amino acids. 

All of the enzyme determinations are calculated on the basis of 
whole tissue and, therefore, may not be on a comparable basis. The 
contiguous tissue contains larger proportions of inert material, such 
as cellulose and pentosans, than is found in the galls. Since the 
metabolically active protoplasm is largely composed of nitrogenous 
material with only a small amount of carbohydrates, the nitrogen 
content instead of whole tissue may be used as another basis for cal- 
culating enzyme activity. But even on the basis of total nitrogen the 
galls were higher in catalase, oxidase, and peroxidase, by 86, 73, and 
57 percent, respectively.‘ 

SUMMARY 


A number of analyses have been made on the galls and contiguous 
tissue from tomatoes, raspberry, and sugar beets. In general the 
composition of gall tissue resembled that of young plants, being high 
in nitrogen and low in fibrous material. In sugar beets, however, 
the galls were more fibrous than the succulent host plant. The 
composition of the galls and contiguous tissues varied greatly depend- 
ing upon the time of harvest and the species of plant. 

The glutathione content of the tomato galls was greater than that 
of the contiguous stems, but was much lower than that of the growing 
tips. 

The more metabolically active tissue produced the greater amount 
of ascorbic acid. 

The hydrogen-ion concentration of stems and galls of tomato tissue 
were approximately the same. 

Catalase, oxidase, and peroxidase activity, on the wet-weight basis, 
were 160, 130, and 120 percent greater, respectively, in the tomato galls 
than in the contiguous tomato stem tissues. Calculated on the basis 
of total nitrogen instead of wet weight, the figures for galls were 86, 
73, and 57 percent greater, respectively, than those for stems. 

Extracts from tomato galls rapidly destroyed tyrosine but a similar 
preparation from stems showed no tyrosinase activity. 
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